The University of the Witwatersrand
Faculty of Health Sciences

Determinants of sub-optimal glycaemic control among patients
enrolled in a medicine dispensing programme in Kwazulu-Natal: A
cohort study, 2018 - 2021

By

Leigh Clare Johnston

Student Number: 2486091

A Dissertation submitted to the Faculty of Health Sciences,
University of the Witwatersrand, Johannesburg,
in fulfillment of the requirements for the degree of

Masters of Science in Field Epidemiology
Johannesburg, 29 December 2023



Declaration

I, Leigh Clare Johnston, declare that this Research Report is my own unaided work. It is being
submitted for the Degree of Masters of Science in Field Epidemiology at the University of the

Witwatersrand, Johannesburg. It has not been submitted before for any degree or examination at

any other University.

(Signature of the candidate)

29" day of December 2023




Contributions to the Paper

Leigh Clare Johnston, Dr. Patrick Ngassa Piotie, Ms. Sandhya Singh, and Dr. Alex De Voux

conceived the presented idea. Dr. Innocent Maposa helped to develop the methods, assisted with
the technical side of the analysis, and verified the analytical methods. Dr. Patrick Ngassa Piotie,
Dr. Lazarus Kuonza, Dr. Alex De Voux and Ms. Sandhya Singh supervised the entire work. All

authors discussed the results and contributed to the final manuscript.



Dedication

Thanks to my most patient and supportive husband and children.
And in loving memory of my mother, whose belief in me, helps me still believe,
Lynette Johnston

1955-2021.



Presentations and Publications

| presented the findings of this study at:

e NICD Epidemiology Forum- 121" April 2023 (12h00 —13h00)

e At an internal meeting with the CCMDD- 8" May 2023 (13h00 — 14h00)

e Oral presentation at the 8" AFENET conference in Mombasa, Kenya- 5" — 10"
November 2023

The findings of this study are yet to be published. The article in submissible format (Chapter
Two) has been submitted to the African Journal of Primary Health Care & Family Medicine and

IS being reviewed.



Abstract

Determinants of sub-optimal glycaemic control among patients enrolled in a medicine

dispensing programme in Kwazulu-Natal: A cohort study, 2018 —2021.

“Leigh C. Johnston!?#, Dr. Patrick Ngassa Piotie 3, Dr. Innocent Maposa?, Ms. Sandhya Singh*,

Dr. Lazarus Kuonza®?, Dr. Alex de Voux®
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Background: In South Africa, type 2 diabetes mellitus (T2DM) is a growing public health
problem, thus, by 2030, 50% of T2DM patients, receiving treatment, must achieve optimal
glycaemic control (haemoglobin Alc (HbAlc) <7%). The CCMDD (Central Chronic Medicines
Dispensing and Distribution) programme allows glycaemically-stable patients to collect their
medication from community-based pick-up points. While the CCMDD is a large public health
programme, there is a paucity in stakeholder’s knowledge of T2DM patients glycaemic control
over time. We determined glycaemic control for CCMDD-enrolled T2DM patients in eThekwini,
South Africa from 2018-2021, as well as the rate and predictors of becoming sub-optimally

controlled.



Methods: We performed a cohort study, linking HbA1c data from the National Health
Laboratory Service to CCMDD-enrolled patients in eThekwini, South Africa from 2018-2021.
We included patients optimally controlled at their baseline HbAlc, and having >1 repeat test
available. We used Kaplan Meier analysis to assess survival rates and Cox regression to
determine associations between time to sub-optimal control (HbAlc >7%) and several factors.

Adjusted hazard ratios (aHR), 95% confidence interval (95% CI), and p-values are reported.

Results: Of 41145 T2DM patients enrolled in the CCMDD, 7960 (19%) had an available HbAlc
result over the study period. A quarter of patients (2147/7960; 27%) were optimally controlled at
their baseline HbAlc. Of those controlled at baseline, 695 (32%) patients had a repeat test
available, with 35% (242/695) changing their status to sub-optimal control. Patients prescribed
dual-therapy had a higher risk of sub-optimal glycaemic control (aHR: 1.503; 95% CI: 1.16-1.95;
p-value=0.002) compared to those on monotherapy. HbALlc testing frequency per national
guidelines (aHR: 0.46; 95% CI: 0.24-0.91; p-value=0.024) was associated with a lower hazard of

sub-optimal glycaemic control.

Conclusions: HbAlc monitoring, in line with testing frequency guidelines, is needed to flag sub-
optimally controlled patients who become ineligible for CCMDD enrolment. Patients receiving
dual-therapy may require special consideration. Addressing these shortfalls can assist planning

and implementation to achieve 2030 targets.

Keywords: Type 2 diabetes; glycaemic control; CCMDD programme; SEMDSA guidelines.
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Definitions

Based on IDF definitions(1).

Fasting plasma glucose (FPG): A measure of blood glucose concentration after fasting (no

caloric intake for 8 hours).

Glucose: The main sugar absorbed by the body for energy expenditure and stored for future use.

It can only be used by cells with the action of insulin.

Random plasma glucose (RPG): A measure of blood glucose concentration that can be taken at

any time of day, regardless of the time since the last meal.

Glycated haemoglobin Alc (HbALc): Refers to glycation of proteins, which is a secondary
event to high blood glucose and the haemoglobin that glucose binds to. It tests the average blood

glucose over a two to three-month period.

Low-density lipoprotein (LDL) cholesterol: LDL is one of two lipoproteins, together with
high-density lipoproteins (HDL). LDL constitutes most of the body’s cholesterol. High levels of

LDL cholesterol are associated with an increased risk of heart disease and stroke (2).
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Preamble

This dissertation is divided into chapters.

Chapter One will introduce the study area of diabetes and will draw on existing studies to
illustrate the disease burden and risk factors. The importance of monitoring glycaemic control
targets, to reduce diabetes-related morbidity and mortality, will be discussed. Additionally, global
and national efforts being taken to deal with the rising epidemic will be described. Despite
existing policies, multiple studies will be reviewed that reveal that glycaemic control in South
African type two diabetes mellitus (T2DM) patients remains largely sub-optimal.

Chapter Two will be a manuscript in a submissible format, based on the formatting guidelines
from the African Journal of Primary Health Care and Family Medicine. This chapter will focus

on presenting the methods, results, and discussion for study objectives one and four.

Chapter Three will contain extended methods pertaining to the above objectives, as well as

objectives two and three.

Chapter Four will contain extended results for objectives one and four, as well as presenting the

results for objectives two and three.

In Chapter Five the findings will be discussed and compared to previous literature. Conclusions

will be drawn and recommendations will be made.
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CHAPTER 1—INTRODUCTION AND LITERATURE REVIEW

1.1 INTRODUCTION

This chapter will introduce the area of Type two diabetes mellitus (T2DM) research. It will
outline the epidemiological background and disease burden both globally, and in the South
African context. Additionally, the background will describe risk factors related to T2DM. It
further introduces recommendations for monitoring glycaemic control and talks to recommended
targets for optimal glycaemic control to reduce diabetes-associated mortality and morbidity.
Furthermore, it will include a literature review focusing on international and national policies and
targets for improved glycaemic control. The Central Chronic Medicine Dispensing and
Distribution (CCMDD) programme will be introduced. Previous South African studies that have
investigated glycaemic control among T2DM patients will be discussed. The problem statement
will highlight the gaps in the current literature; namely, the lack of cohort studies looking at
glycaemic control status for CCMDD-enrolled T2DM patients, at enrolment and beyond. Finally,
the chapter will describe the present studies’ justification, research question, the overall study
aims, and the objectives.

1.2 BACKGROUND

Diabetes is a metabolic condition of a chronic nature, characterized by raised blood glucose
levels, and is caused by the body not producing sufficient insulin (i.e. insulin deficiency) and/or
being unable to efficiently utilize the insulin it produces (i.e. insulin insensitivity or resistance)
(1-4). Type one diabetes is genetic in nature and typically presents at younger ages whereas
T2DM is largely related to lifestyle factors, and while historically linked to older age, it is now
also occurring more frequently in younger age groups (1,4,5). T2DM makes up 90% of the

reported cases of diabetes (1).
1.2.1 The burden of T2DM:

A global perspective

Global estimates for diabetes prevalence are on the rise. In 1980, 153 million people were living
with diabetes, which ballooned to 347 million in 2008 (6). The most recent 2021 estimates from
the International Diabetes Federation (IDF) placed the burden of people living with diabetes at

537 million, representing 10.5% of the global population. The IDF further predicts numbers to

1



reach 643 million and 783 million by 2030 and 2045, respectively (1). Worldwide, in 2021, over
6.7 million deaths among adults, aged 2079 years, were attributed to diabetes or to diabetes-
related complications (1), equating to 12.2% of total deaths in this age group (1). Thus, exceeding
deaths related to human immunodeficiency virus (HIV)/ Acquired immunodeficiency syndrome
(AIDS), tuberculosis (TB), and malaria combined in 2015 (4). Diabetes was estimated to directly
cost 966 billion USD in 2021; a 316% increase since the estimate of 232 billion USD, 15 years
previously (1). Additionally, there is an indirect economic burden associated with diabetes. As
75% of those with diabetes are of working age and experience increased absenteeism and loss of

productivity (1,5).

A South African perspective

Low- to middle-income countries (LMIC) make up 80% of diabetes cases (1). Africa is predicted
to bear the greatest brunt with a projected 134% increase in diabetes prevalence from 2021 to
2045 (1). Of the Sub-Saharan Africa (SSA) countries, South Africa has reported the highest
prevalence of diabetes (4), estimated at 11.4% by the IDF in 2021(1). Thus equating to 4.2
million people living with diabetes (1). In 2018, Statistics South Africa (Stats SA), listed diabetes
as the second leading underlying natural cause of mortality overall (fourth for males and first for
females) (7).

1.2.2 Risk factors for T2DM

Globally, commonly cited risk factors for T2DM are modifiable lifestyle factors such as the use
of tobacco, poor diet, obesity, and a lack of physical activity (1,8). Additionally, non-modifiable

factors such as age, gender, family history, and life course events drive T2DM (9).

In the South African context, there are also complex and less easily modifiable risk factors at play
(4,8,9). These include social and commercial determinants of health, such as low socioeconomic
status and poverty, as well as rapid urbanization, with the associated changes to a Westernised
diet and sedentary lifestyles (8,10). T2DM is more prevalent in women than men at 16.8% and
12.4%, respectively (11). This disparity by sex is thought to be linked to the predisposition of
obesity in South African females (8). Differences by ethnicity have been documented with
prevalence among the Black African, Coloured, and Indian populations at 11.3%, 23.7%, and
33.6% respectively (11,12).



Furthermore, in South Africa, the complex setting of a quadruple disease burden with prevalent
HIV and TB, adds an additional layer of complexity as T2DM interacts with these diseases.
T2DM has been linked to a two to three-times increased risk for TB infection and is associated
with increased TB treatment failure and death (13). HIV infection and treatment also increase the
risk for T2DM (4). Both HIV antiretroviral (ARV) protease inhibitors and nucleoside reverse
transcriptase inhibitors have been causally linked to diabetes (14). Additionally, ARVs and
advancing TB treatment have led to increased life spans of those living with the conditions, and
with increasing age, non-communicable disease (NCD)s are developing more frequently (14).
Hypertension has also been identified as a common comorbidity in people living with type 2
diabetes mellitus (PLWT2DM), with an 87% prevalence noted in a facility-based study in
KwaZulu-Natal (KZN) from 2019 (15). The risk of all diabetes-related complications increased
for those with a hypertension comorbidity (15).

1.2.3 Sub-optimal glycaemic control in T2DM

Guidelines for the monitoring of glycaemic targets in T2DM care

Setting glycaemic targets for T2DM care, serves to prevent microvascular and macrovascular
complications in those living with T2DM, by ensuring that patients are not undertreated (4).
Additionally, effective monitoring allows for early intervention, with resulting glycaemic control,

which can substantially decrease morbidity and mortality related to T2DM (1).

The 2017 Society for Endocrinology, Metabolism, and Diabetes of South Africa (SEMDSA) and
the 2020 South African Standard Treatment Guidelines (STG) and Essential Medicines List
(EML) for primary health care (PHC) and hospital-levels, have published guidelines for T2DM
care and glycaemic monitoring (4,16,17). Provinces use the STG and EML guidelines to govern
their clinical care. Both the STG and SEMDSA guidelines recommend using haemoglobin Alc
(HbA1c) as a monitoring tool as it captures glycaemic control over two to three months
(1,4,16,17). And in both, a target level of < 7% is considered optimal (4,16,17). Diagnostic values
for diabetes are 6.5% or higher, thus HbAlc of below 7% is considered excellent (1,5).

For those with stable glycaemic levels, HbAlc is recommended to be monitored six monthly
(SEMDSA guideline) or annually (STG/EML guideline) (4,16,17). For those who are not in the
target range or who have had a change in their T2DM management, monitoring is recommended

three to six-monthly (4,16,17). The SEMDSA guidelines also include measures for
3



cardiovascular risk factors such as dyslipidemia, and hypertension as T2DM is an additional risk
factor for macrovascular complications causing coronary artery disease (CAD) and
cardiovascular disease (CVD) (4). In T2DM, serum lipids are commonly characterized by
increased triglyceride levels and decreased high-density lipoprotein (HDL) cholesterol (4).
However, studies have repeatedly revealed that reducing calculated low-density lipoprotein
(LDL) cholesterol, with statins, in T2DM patients decreases the risk of CVD (4). Thus SEMDSA
and STG guidelines recommend that when a patient is first diagnosed with diabetes, serum lipids
be checked (i.e. total cholesterol and triglyceride levels initially, followed by a 10-hour fasting
lipogram, including total cholesterol, triglycerides, calculated LDL and HDL cholesterol, if the
results were elevated) (4,16). Guidelines recommend the lipogram be repeated annually, if the
results are within recommended ranges, and 3-monthly if not (4).

Complications associated with sub-optimal glycaemic control in T2DM patients

T2DM is linked directly to retinopathy, neuropathy, and nephropathy as well as causing an
increased risk for the development of cardiac and cerebrovascular disease (3). Microvascular
disease, linked to retinopathy, neuropathy and limb-threatening ischemia, and resultant
amputations, all substantially affect quality years of life lost, disability-adjusted-life-years; and
add to burgeoning costs to the health system (18). An HbAlc reading of more than 7.5%
increases the risk of microvascular disease by 37% (19) and by 2—4 times for CVD and stroke
(20). For each incremental decrease of 1% in HbAlc, the risk for amputation, heart attack, stroke
and death related to diabetes decreases by 43%, 14%, 12%, and 21% respectively (19).

The estimated cost for the public health sector, of both those diagnosed and undiagnosed, in 2018
was ZAR (South African rand) 21.8 billion. By 2030, the projected costs are a staggering ZAR
35.1 billion (18). Of the 2030 estimate, 49% of costs are attributed to managing T2DM
complications. Which are in turn, linked to sub-optimal glycaemic control and are essentially

preventable (18).

Furthermore, within the current context of the coronavirus disease of 2019 (COVID-19)
pandemic, T2DM has been linked to more severe disease course and increased mortality rates
(21,22). In the United States of America (USA), hyperglycaemia was found to be predictive of
increased COVID-19 mortality rates (MR) at 28.8% compared to 6.2% in those without diabetes

(22). Furthermore, of the patients admitted with hyperglycaemia, those who were uncontrolled
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had a 41.7% MR compared to a 14.8% MR in those who were controlled (22). Locally, data from
the national COVID-19 hospital surveillance system, DATCOV, estimated that of the COVID-19
patient admissions, 29% had diabetes as a comorbidity, and that NCD comorbidity was
associated with increased mortality (23). As such, it is critical to monitor and achieve glycaemic

targets to decrease disease course severity and death rates (21).

1.3 LITERATURE REVIEW

1.3.1 Global NCD Targets and Policy Landscape

There is a global concern about the increasing burden of NCDs, however, the management of
NCDs is a complex undertaking (6). The United Nations (UN) High-level Summit for the
prevention and control of NCDs in 2011, raised awareness of the disease burden and the
socioeconomic consequences of NCDs, including T2DM; and prioritized tackling NCDs (24,25).
The World Health Organization (WHO) published a Global Action Plan for the Prevention and
Control of NCDs 2013-2020 (26,27). In 2015, the SDG targets for 2030 were created. Target 3.4
(Good Health and Well-Being) spoke to reducing premature mortality due to NCDs by a third.

To facilitate member countries to achieve SDG 3.4 by 2025, the WHO published “best buys” for
tackling NCDs in 2017 (26). The “best buys” are cost-effective and feasible policy options that
are designed to have maximal public health impact (24,26). They include addressing key risk
factors for NCDs, namely, reducing the use of tobacco and alcohol, as well as, unhealthy diets
and insufficient physical inactivity (26). They also recommend up-scaling the early detection of
NCDs; strengthening health system capacity and access to essential medication and digital
technology; and promoting universal health coverage and person-centered health care (26). In
terms of diabetes, specifically, it also recommends preventative foot care, retinopathy screening,

and, critically, achieving optimal glycaemic control (26).

The WHO Global Diabetes Compact in 2021 further recommended quality care through the
achievement of glycaemic control targets (28). On the 28" of May 2022, the WHO newsroom
released the global targets for diabetes, following the 75" World Health Assembly. The targets
aimed to achieve 80% of people living with T2DM (PLWT2DM) being diagnosed, and 80% of
PLWT2DM achieving glycaemic control by 2030 (29). In addition, to prevent macrovascular



complications, it includes the targets of 80% of PLWT2DM being controlled for their blood
pressure (BP); and 60% of PLWT2DM, over 40 years of age, receiving statins (29).

Following the 76" World Health Assembly in May 2023, the “best buys” were expanded, to
include a greater menu of intervention and policy options for member states of all income levels
(30). Some of the expanded policy options include increased tax and advertising bans for tobacco
and alcoholic beverages, as well as, reformulating unhealthy foods and enforcing nutritional
labeling of food items, protecting children from advertising of harmful food and beverages, and

promoting breastfeeding (30).
1.3.2 South African NCD Targets and Policy Landscape

The formation of the Directorate for Chronic Diseases, Disability, and Geriatrics, within the
NDoH, in 1996, has led to multiple national guidelines to prevent and control NCDs in South
Africa (24,31). The SA National Department of Health (NDoH) introduced several population-
wide initiatives to address the NCD burden by addressing behavioral risk factors, such as
population-level legislative control measures for sugar in beverages, tobacco, salt, trans-fats, and
limited programmes targeting physical activity (24,31,32). These have proven partially effective
(24,31,32), with stronger evidence for the effectiveness of both the tobacco and sugar legislative

measures (Table 1.1).

Table 1.1: Legislative control measures to curb non-communicable diseases in South Africa

Control Measure Legislation Proof of Impact
Tobacco Products Control Act of Increased taxation, health Resulted in a reduction in smoking
1993 (with amendments in 1999 and  warnings to be displayed on of 26% between 1993 and 2000
2007) tobacco products, and banned (34).
sales to under-16s (24,33)
Health Promotion Levy in 2018 Introduced a sugar-based Reductions, in daily household
tax of 10% on beverages consumption of sugar by 51%, in
sweetened with sugar (24,35) calories by 52%, and in volume

consumed by 29% (36).
Manufacturers reformulating their
products (36). Greatest effect was
in lower-income households
suggesting a public health benefit
for those most at risk and least
able to afford healthcare (35,36).

National Sport and Recreation Aimed to increase physical None of note
Strategic Plan (2012-2016) & the activity in the general population
Sports Charter by 10% by 2020. To improve

equitable access to safe and secure
sporting facilities (24,37).

Liquor Act passed in 2003 Reducing the harmful use of Sales in unregistered outlets
alcohol, and the associated social remain uncontrolled, even for
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behaviors, and additionally minors, and there have been
prohibiting sales to those under- minimal improvements in public
18s, while still sustaining the health as a result (24).
liquor industry (24,38).
The salt regulation legislation (2016  To lower salt content in processed  Monitoring of compliance has
and 2019) foods (24). been limited (24).

The South African Department of Health’s National Strategic Plan (NSP) for the Prevention and

Control of Non-Communicable Diseases (2022—27), built on existing policy and legislation, and
developed further guidelines for NCDs (24). In line with SDG targets for 2030 and the National
Health Insurance (NHI) goals (23), it aimed to reduce premature mortality (death in those under
60 years) by 25%, and to proportionally increase those controlled for diabetes by 30% (39).

Additionally, it set additional goals for 2030, namely, achieving 90% of people living with type
two diabetes mellitus (PLWT2DM) diagnosed, 60% of those diagnosed receiving treatment, and

50% of those receiving treatment achieving glycaemic control (39).

The NSP strategy relies on major reforms of the SA Health Care System and cross-cutting
implementations across the NHI, Primary Health Care, Schools Health Programmes, and Human
Resource Development programmes to support non-communicable disease prevention and
control (32,39,40). Primary care interventions include the Primary Health Care Re-engineering
policy and, the Integrated Chronic Disease Management approach. These sought to mobilise and
build on existing skills in ward-based outreach teams and community health workers (CHW),
historically used for HIV/AIDS home-based management; and sought to extend CHW’s scope to
include NCD screening and education to deliver integrated NCD services (32,40,41).

Additionally, community-based services were established, in terms of NCD support groups and
community-based medication delivery mechanisms (32,42). Thus addressing commonly cited
barriers to care for PLWT2DM in South Africa, such as promoting easier access to medication,
by negating long waiting times, medication stock-outs, and inaccessible clinics (32,42).

The Central Chronic Medicine Dispensing and Distribution Programme

The CCMDD programme, situated in the NHI programme, was launched by NDoH in 2014
(43,44). It aimed to improve access to medication and to provide affordable, quality health care to
all South Africans (43,44). The CCMDD allowed stable HIV and NCD patients to collect their
chronic medications from community-based pickup points (PuPs), such as independent
pharmacies, adherence clubs, and Smart Lockers every second month (43) (Figure 1.1). In
addition to promoting medication accessibility, it also improved adherence, reduced

7



transportation costs for patients, decongested clinics, and relieved overburdened staff to allow for

improved quality of care (32,45).

Direct Delivery Warehouse

Warehouse Delivery

Government
v

Healthcare Facility

Pharmaceutical

5 Cross-Dock Facility
Supplier

)
.

|

Direct Delivery Cross-Dock Delivery

- Adherence Outreach
Government
Club Pick-up-Point
@

<.’

External

Central D|spensmg Site Pick-up-Point . .
S P

Legend:
—— Unallocated Stock i Facility Allocated Stock - Patient Allocated Stock @ === “®Stock Picked-up by Patient

Figure 1.1: Distribution pathways within the CCMDD (44)

T2DM patients were eligible to be enrolled into CCMDD if they were 18 years or older, able to
give consent, and were stable for their condition (43). Being stable on medication was defined as
having two consecutive normal fasting plasma glucose (FPG) readings of less than 7 mmol/L
(43). Patients that require frequent clinical follow-ups for another condition, such as TB, are
excluded from the programme; as CCMDD-enrolled stable patients only attend their clinics
biannually for follow-up and to renew their prescriptions (43). Other non-stable patients with
T2DM, as per the STG, attend clinics, quarterly (4,16).

By 2018 an 88% reach had been achieved and 94.6% of facilities in the districts involved were
represented (43). Of the 2 069 039 active patients in the programme, 24% were collecting
medication for chronic disease alone (43). It was hailed a success as 35% of registered patients
were using external PuPs, rather than queuing at clinics, and patient retention in the programme
was 70% (43). However, there is currently no monitoring and evaluation in place for the
glycaemic control of T2DM CCMDD-enrolled patients over time. As such, there is no
mechanism in place, to assess patients’ continued eligibility (i.e. remaining stable for their

condition), after enrolment.



1.3.3 Rule of Halves Framework for Diabetes and Diabetes Care Cascades

The Rule of Halves is well known in NCD epidemiological circles, since its first use, in 1974, to
describe the unmet care for non-insulin-dependent PLWT2DM in the USA (46). Five decades
later, the Rule of Halves framework is still thought to hold true for diabetes in describing the
unmet need for care within the care cascade. That is, half of those with T2DM get diagnosed,
only half of those diagnosed with T2DM get treatment and only half of those treated go on to
achieve recommended glycaemic targets (Figure 1.2) (46). Napier et. al. (2017) also included a
fifth tier, where 6% of those achieving glycaemic targets are free from diabetes-related

complications (47).

Of the estimated about 50% are of whom about of whom about of whom about 6%
415 million people diagnosed*... 50% receive 50% achieve live a life free from
with diabetes... care*... treatment diabetes-related

targets**... complications.
N AN AN AN
Diabetes
100%
BB RREE N
theifiind
trerntnd
IBEEEER S
IBSEEEE N
: : : : : : ; : Diagnosed
tteidttt 50%
IBEEREREE titdthit
trethtnd titeteit Recei .
1B BB ERR A i BEBER RN, e e e Achieve
S8R % SE3REEE 25% treatment Achieve
IEEEREE N I BEEEREE IEEREEEE t,f'lfg;,;s desired
treiittd titdteit I BEBEEEE] e °““§;‘es
trethtnd SRR RERE IBEEEERE I BESEEEE, =
trernttd tertttttd IBEEEERE] IEEEEREE; I EEREREN
* Actual rates of diagnosis, treatment, targets and outcomes vary in different countries. ** That is, recommended glucose levels.

Figure 1.2: The Rule of Halves Theoretical Framework (47)

Categorisation across the continuum of care, in this manner, can pinpoint at which points in the
cascade of care the need for care is unmet (48). Cascades of care have been successfully used, in
HIV/AIDs management. The 95-95-95 UN cascades of care targets, successfully drove global
strategies to achieve improved HIV/AIDs care and management (49). This approach has been
followed for T2DM with some success, however, international targets have not been defined
(49).

Internationally, more developed countries, such as Copenhagen, in 2017, have surpassed the 50%
mark, for those diagnosed with diabetes (at 74%) and for those diagnosed being treated (at 90%);

however, they fell shy in terms of those achieving glycaemic control (at 40%—60%). Of those
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who were optimally controlled, there was a complication rate of 11% for retinopathy and 25% for
macrovascular events (50). Similarly, in the USA in 2019, 94% of those with diabetes were

linked to care and 64% of those had achieved optimal glycaemic control (51).

In less developed countries, where medication and health care is not always free, the above
targets may be difficult to achieve. This was evident in a population-based study in South Africa,
by Stokes et al (2017), using data extracted from the South African National Health and Nutrition
Examination Survey (SANHANES: 2011-2012). They found that 40% of those with diabetes had
been diagnosed, with 94% of those diagnosed receiving treatment and of those treated 51% had
achieved optimal glycaemic control (48). This equates to 19% of all of those with T2DM
achieving optimal glycaemic control. Thus highlighting a gap in terms of effective management
(48). To our knowledge, this study provides the only baseline values, at a national-level, for the
care cascades in South Africa. Without more recent baseline estimates, the NDoH has no accurate
reference point to gauge their progress towards their 2030 NSP goal of improving the

proportions of those controlled for their diabetes by 50% (39).
1.3.4 South African Studies on Glycaemic Control

At facility-level, several studies on glycaemic targets in T2DM patients in South Africa, between
1999 and 2021, have looked at proportions of optimally controlled patients, based on
recommended glycaemic targets (HbAlc <7%), through retrospective patient chart audits (52—
58). Five have been at either secondary or tertiary-level facilities, and observed proportions of
those optimally controlled varying from 20.1% at Umtata General Hospital (1999), 30.7% at
Gauteng province (GP) academic hospitals (2009) (52,53), to 19.3% at Hillbrow Clinic (2017),
15.4% in Port Shepston Hospital (2017) (54,58), and 15.3% at Helen Joseph Hospital in 2020
(55). Two studies were based at PHC clinic level, in Tshwane. A study by Webb, Rheeder and
Van Zyl (2015) found 27% of diabetic patients were optimally controlled, and Ngassa Piotie et.
al. (2021) found 29% were optimally controlled (56,57). The larger proportions of sub-optimal
control observed at secondary and tertiary level hospitals, compared to PHC level, can be
explained by patients who are more complicated in nature (i.e. those with more complications,
comorbidities, or being difficult to manage) being up-referred to larger facilities for more

specialised care. Once better managed, patients are stepped back down to PHC clinics (55).
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Of further concern, Ngassa Piotie et. al.’s findings, of only 29% of T2DM patients being
optimally controlled, occurred in patients enrolled in the CCMDD (57). As patients have to have
glycaemic control (from two consecutive FPG readings) as a prerequisite for enrolment into the
programme, this was an alarming figure (57). The study concluded that despite medication being
more accessible, other barriers to the achievement of glycaemic control targets existed and
further investigation into potential explanatory factors, by means of a cohort study, was
recommended (57).

1.4 PROBLEM STATEMENT

The WHO recommends that 80% of PLWT2DM achieve recommended targets for glycaemic
control (29). The SA NSP for NCDs aims to achieve 50% of those receiving treatment, attaining
glycaemic control by 2030 (39). Previous studies consistently report small proportions of T2DM
patients reaching glycaemic targets (15.3%—30.7%), across primary and tertiary levels of care,
and across provinces in South Africa. However, they have been largely cross-sectional patient
record reviews. As such, there may have been information bias due to incompleteness and poor
data quality (52-55,57,58). Additionally, there is no reliable central data repository for T2DM in
South Africa. Only one study has looked at glycaemic control among T2DM CCMDD-enrolled
patients (57). They concluded, that despite medication being more accessible, glycaemic control
was poor; thus recommending a cohort study to investigate other explanatory factors (57). While
the CCMDD captures demographic and prescription information on patients with stable T2DM, it
does not include clinical measures such as HbAlc and LDL. The National Health Laboratory
Services (NHLS)’s central data warehouse (CDW), has the majority of this information available,
as the single public health care laboratory provider in KZN.

A gap exists in that there are no robust cohort studies of district-level data available to confirm
the proportions of CCMDD-enrolled patients, on treatment for their T2DM who are achieving
glycaemic control (Figure 1.3). As such, the NDoH has no recent, accurate reference point to
determine the magnitude of the unmet need for diabetes care for CCMDD-enrolled patients, and
are unable to gauge their progress towards the NSP targets. Additionally, data is pauce for factors

associated with sub-optimal glycaemic control among CCMDD-enrolled T2DM patients.
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1.5 JUSTIFICATION
Merging and enhancing the CCMDD patient information with NHLS clinical data provides a

unique opportunity to retrospectively follow a cohort of patients retrospectively, accounting for
variation in HbAlc over time. This cohort study builds on previous studies to determine
glycaemic control within the CCMDD programme. This study also identifies sub-groups at
increased risk of developing sub-optimal glycaemic control. Identifying, understanding, and
integrating these factors or vulnerabilities into diabetes care would prevent diabetes-related
morbidity and mortality and reduce expenses related to uncontrolled T2DM. Findings can
enhance existing CCMDD data, assist in monitoring and evaluation, and assist with more targeted
interventions. Additionally, the information from this study can assist the NDoH to monitor and
evaluate South Africa’s progress towards achieving the NSP goals for 2030. Moreover, as no
central data repository for T2DM exits in the majority of South Africa’s districts and provinces
(except for Western Cape), the merging of datasets may reveal if it is possible to estimate
whether needs are being met in the care cascade, at district-level, rather than relying on facility-

based audits for this information.

1.6 RESEARCH QUESTION
The research question is whether adult T2DM CCMDD-enrolled patients, collecting chronic

medication from community PuPs were optimally controlled at baseline and last HbAlc reading,
as well as the rate and predictors of becoming sub-optimally controlled, between April 2018 and
June 2021, in the eThekwini district, KZN.

1.7 AIM OF THE STUDY

The overall aim was to determine glycaemic control, at baseline and last HbA1lc reading, as well
as the rate and predictors of becoming sub-optimally controlled for CCMDD-enrolled T2DM
patients in eThekwini, South Africa from 2018-2021.

1.8 OBJECTIVES OF THE STUDY

1. To determine proportions of T2DM patients optimally controlled at enrolment into CCMDD
by the achievement of the SEMDSA and STG recommended targets for:

(a) baseline (BL) HbAlc and

(b) the SEMDSA target for BL LDL.
12



2. To determine proportions of T2DM patients optimally controlled at the last recorded test
(closest to June 2021) by achievement of the SEMDSA and STG recommended targets for:

(a) HbAlc and
(b) the SEMDSA target for LDL.

3. To determine factors associated with sub-optimal glycaemic control at baseline and last

recorded test, in terms of:

(a) demographic factors, (b) intermediate targets for cardiac health, (c) type of treatment, (d)

quality of care, and (e) co-morbidities.

4. To determine the time to failure (i.e. the first event of sub-optimal control) and associated

predictors (as in objective 3) for developing sub-optimal control.
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Currently, the CCMDD programme has no mechanism in place to monitor and evaluate glycaemic control
in T2DM patients after enrollment. Patients need to be stable to remain enrolled in the programme as
clincical visits are de-escalated to 6-12 monthly once they are enrolled. While bi-annual clinical follow-ups
are appropriate and fall within SEMDSA guidelines, for those who are optimally controlled, it is not
appropriate for those who are sub-optimally controlled. These patients would require intensification of their
clinical visits and HbAlc testing to at least as frequently as every three months. In this study we seek to
link T2DM CCMDD-enrolled patients to their HbAlc laboratory tests, housed in the NHLS's CDW, to
determine if patients have remained optimally-controlled over time.

Figure 1.3: A diagrammatic summary of the gap between the existing NHLS laboratory and the
CCMDD programmes data and the implications on care guidelines.
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ABSTRACT
Background: The CCMDD (Central Chronic Medicines Dispensing and Distribution)
programme allows clinically stable type 2 diabetes mellitus (T2DM) patients to collect their

medication from community-based pick-up points.

Aim: We determined baseline glycaemic control and the rate and predictors of becoming sub-
optimally controlled for T2DM CCMDD-enrolled patients in eThekwini, South Africa from
2018- 2021.

Methods: We performed a cohort study for patients enrolled in the CCMDD, in eThekwini,
between April 2018— December 2021. We linked glycated haemoglobin (HbA1c) data from the
National Health Laboratory Service to CCMDD-enrolled patients allowing a six-month time
buffer (i.e. October 2017— June 2022). We selected patients optimally controlled at their baseline
HbAlc, and having more than 1 repeat-test available. We used Kaplan-Meier analysis to assess
survival rates and extended Cox regression to determine associations between time to sub-
optimal control (HbAlc >7%) and predictors. Adjusted hazard ratios (aHR), 95% confidence

interval (CI), and p-values are reported.

Results: Of 41145 T2DM patients enrolled in the CCMDD, 7960 (19%) had a HbAlc result
available, with a total of 12102 HbA1c tests performed. Twenty-seven percent (2147/7960) were
optimally controlled at their baseline HbAlc. Of those controlled at baseline, 695 (32%) patients
had a repeat test available, with 35% (242/695) changing to sub-optimal status, with a 25™
percentile of survival time of 2.88 years. HbA1c testing frequency per national guidelines was
associated with a lower hazard of sub-optimal glycaemic control (aHR: 0.46; 95% CI: 0.24-0.91;
p-value=0.024). Patients prescribed dual-therapy had a higher hazard of sub-optimal glycaemic
control (aHR: 1.50; 95% CI: 1.16-1.95; p-value=0.002) versus monotherapy.

Conclusions: HbAlc monitoring, in-line with testing frequency guidelines, is needed to alert the
CCMDD of patients who become ineligible for enrolment. Patients receiving dual-therapy

require special consideration.

Contribution: We identified shortfalls in the CCMDD, and predictors for developing sub-

optimal control, that can assist future programme planning and implementation.

16



INTRODUCTION

Diabetes is the second leading natural cause of death in South Africa (SA),* affecting an
estimated 4.2 million people.? Ninety percent of people living with diabetes have type 2 diabetes
mellitus (T2DM), considered a preventable and potentially reversible condition.?® However,
prevalence has continued to rise, particularly among women.! The growing trend has been fueled
by lifestyle factors (e.g. urbanisation, increased consumption of processed foods, reduced

physical activity, and obesity); as well as, social and commercial determinants of health.??

Due to the chronic nature of the disease, people living with T2DM (PLWT2DM), need to monitor
their glycaemic levels regularly, thus continuously assessing their disease progression and
preventing T2DM-related complications.>® T2DM-related complications include macrovascular
diseases (i.e. CVD or stroke) and microvascular diseases (i.e. retinopathy, neuropathy, and
nephropathy).* Sub-optimal or poor glycaemic control has been linked to a 37% increased risk of

microvascular diseases® and a 2- to 4- fold increased risk of macrovascular diseases.®

Various tests exist to monitor glycaemic control, including, fasting plasma glucose (FPG) and
glycated haemoglobin (HbALc) tests. FPG is an indicator of short-term glycaemic levels, and is
in constant flux, since it is dependent on factors such as food consumed, stress, or physical
activity.” HbA1c is a longer-term indicator of glycaemic control, over 2to3 months,” and is
considered the gold standard for glycaemic monitoring by the International Diabetes Federation

(IDF).2 When using HbA1c, sub-optimal glycaemic control, is defined by test readings of >7%.38

Current guidelines by the Society for Endocrinology, Metabolism and Diabetes South Africa
(SEMDSA) recommend HbAlc monitoring three-monthly if control is sub-optimal and six-
monthly if control is optimal.® The standard treatment guidelines (STG) for primary health care in
South Africa recommend three- to six-monthly HbALc testing if sub-optimally controlled
(HbA1c >7%) and 12-monthly testing if optimally controlled (HbAlc <7%).8 Those with sub-
optimal glycaemic control require more frequent monitoring, to allow for early corrective actions
to achieve optimal control. Early corrective actions help prevent T2DM-related complications,
which impose considerate costs to the public health service and social and economic costs to
PLWT2DM.?

Considering the magnitude of the public health problem posed by non-communicable diseases
(NCD) including diabetes, the SA National Department of Health (NDoH) launched the National
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Strategic Plan (NSP) for the Prevention and Control of Non-Communicable Diseases 20222027,
in May 2022.° The NSP aimed, among others, to ensure that 50% of those receiving T2DM
treatment, achieve glycaemic control by 2030.°

Underpinning the NSP, are existing policies, such as, the Primary Health Care Re-engineering
policy and, the Integrated Chronic Disease Management approach. These include developing, and
mobilising existing community-based services (e.g. support groups and community-based
medication delivery mechanisms), to manage NCD patients at community-level.2%!! The Central
Chronic Medicines Dispensing and Distribution (CCMDD) programme is one such initiative and
was launched in 2014 by the NDoH.*? The CCMDD allowed stable HIV-positive and NCD
patients to collect their chronic medications from community-based pick-up points, such as
independent pharmacies, adherence clubs, and smart lockers every second month.**2 Thus,
services are decanted to decongest clinics and relieve overburdened staff, allowing for improved
quality of care.*® Additionally, the programme addresses commonly cited barriers to
accessibility and adherence to medication, such as reducing transportation costs for patients, and

negating long waiting times and medication stock-outs at clinics.!213

T2DM patients are eligible to be enrolled into CCMDD if they are 18 years or older, able to give
consent, and medically stable.*? Being stable on medication was defined as having two
consecutive normal fasting plasma glucose (FPG) readings of less than 7 mmol/L, being on
medication for more than six months, and having no changes to medication in the last year.'?
Non-stable patients with T2DM, as per the STG, attend clinics quarterly,® while non-enrolled
stable patients® and CCMDD-enrolled stable patients attend clinics biannually for follow-up and

for prescription renewal.!2

The CCMDD does not collect clinical data, therefore, there is limited evidence of clinical
outcomes over time for patients enrolled in the programme. Merging and enhancing the CCMDD
patient information with laboratory data housed in the central data warehouse (CDW) of the
NHLS clinical provides a unique opportunity to follow a cohort of patients retrospectively,
accounting for variation in HbAlc over time. This cohort study builds on previous studies to
determine glycaemic control within the CCMDD programme. This study also identifies sub-
groups at increased risk of developing sub-optimal glycaemic control. Identifying, understanding,
and integrating these factors or vulnerabilities into diabetes care would prevent diabetes-related

morbidity and mortality and reduce expenses related to uncontrolled T2DM. Findings can
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enhance existing CCMDD data, assist in monitoring and evaluation, and assist with more targeted
interventions. Additionally, the information from this study can assist the NDoH to monitor and

evaluate South Africa’s progress towards achieving the NSP goals for 2030.

KwaZulu-Natal (KZN), and the district of eThekwini, in particular, have been highlighted by
recent research as an area of particular concern for their diabetes disease burden, with eThekwini
representing 45% to 55% of newly diagnosed cases in the province.}** To our knowledge, there
are no prior studies within the CCMDD, addressing changes in glycaemic control over time in
eThekwini, KZN. In this article, we determined the proportions of CCMDD-enrolled patients
achieving optimal glycaemic control and looked at factors associated with an increased hazard for

developing sub-optimal control.
METHODS

Study design

We conducted a retrospective cohort study to describe HbALc test results extracted from the
NHLS CDW, for all T2DM CCMDD-enrolled patients receiving oral hypoglycaemic medications
through the programme between April 2018 and December 2021 in eThekwini, KZN.

Study setting

The study took place in the public health sector in the district of eThekwini in KZN, South
Africa.

Data Sources

We sourced our data from the CCMDD and NHLS CDW. The CCMDD has achieved a reach of
88%, with 94.6% of facilities in the districts represented.? As such, CCMDD reaches eight
community health clinics, 99 clinics, and 13 hospitals within eThekwini. The NHLS is the sole

provider of laboratory services for the public health system, serving 80% of the population.®
Study participants

The study participants were all T2DM adult (>18 years) male and female patients enrolled in the
eThekwini CCMDD over the study period (April 2018 to December 2021). As this study used
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secondary data, no sampling was done. We selected those with non-missing HbAlc data from the
NHLS CDW. We allowed a six-month window, for the HbA1c reading from the clinical visit
preceding the patient’s first CCMDD prescription date, and the last CCMDD prescription date, to
be included (October 2017 and June 2022). For the survival analysis, we selected those optimally
controlled at their first HbAlc measure and with a repeat HbA1c test/s available between October
2017 and June 2022.

Variables and data management

CCMDD data was provided as an Excel spreadsheet and was exported to STATA version 17 for
cleaning and analysis. The CCMDD data included date of birth, sex, healthcare facility, T2DM-
related complications, and details of the first and last prescription (medication and prescription
dates). The data was checked for errors, inconsistencies, outliers, and missing data. Any duplicate
participants and duplicate observations per participant, were identified and removed. Data was
transformed from a long to a wide format. This data was sent as an excel spreadsheet to the
NHLS gatekeepers, who matched Hbalc test results to the CCMDD line list using the national
identity number. The NHLS HbA1c data included the date of the specimen, the date of the
laboratory test, and the test name and value. This data was sent back to the primary investigator.
The variables for HbAlc test date, the HbA1c result, and the unique patient ID, were used to
determine a duplicate HbAlc observation. Data variables were unstrung and formatted as

numerical, date values or encode as categorical variables, as was appropriate.

We used HbALc values from the NHLS merge, which was a continuous measure. We created a
binary variable for optimal and sub-optimal control. This study defined glycaemic control as
optimal if the HbA1c reading was 7% or less and as sub-optimal for values above 7%. This is per
the 2017 Society for Endocrinology, Metabolism and Diabetes of South Africa (SEMDSA)
guidelines and the 2020 South African Standard Treatment Guidelines (STG).>® We defined the
baseline HbA1c value as the first recorded NHLS value within the study period. For the survival
analysis, only those optimally controlled at their first reading in the study period were used, and
time-to-failure was calculated for the first change of status to sub-optimal control. We also
created a categorical variable from the HbAlc value, where values less than or equal to 7% were
optimal, and sub-optimal values were further sub-catagorised as 7.1-8.9%, 9-11.9%, and 12% or

more. These categories were chosen a priori, based on the literature review.
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We calculated age using the “datediff” command to subtract the HbAlc sample collection date
from the patient’s date of birth. Once calculated, we categorised age in years, in four levels, as
follows: 18-39, 40-59, 6079 and 80 or over. We used these categories as the age data was
skewed suggesting nonlinearity. We included the categories 18-39 and 80 or over, despite the

relatively fewer values to isolate the aberrant median HbA1c values in these categories.

To manage diabetes, the STG and essential medication list (EML) of South Africa, advise
lifestyle modification, followed by progressive pharmacological therapies; starting with
monotherapy (i.e. metformin) and are up-scaled to dual-therapy (i.e. metformin and a
sulphonylurea agent, namely, glibenclamide or glimepiride), and finally to insulin, if a patient is
still sub-optimally controlled or if their disease progresses.® We used the “strops” function to
identify these medications used for diabetes management. We then used “egen” function to total
tags for metformin, glibenclamide and glimepiride for each unique patient ID, to create a
categorical variable with three levels, as follows: monotherapy (one oral hypoglycaemic agent
prescribed), dual-therapy (two hypoglycaemic agents prescribed) and triple-therapy (three
hypoglycaemic agents prescribed) in the same prescription. Since the patient's prescriptions
changed over time, we used the following coding strategy. If the patient used two medications at
any point over the study period, or changed from monotherapy to dual-therapy, they were placed
in the dual-therapy category. Those that only ever used one oral agent were placed in the
monotherapy category. It is notable, that it is not within the recommendations to prescribe three
oral hypoglycaemic agents to manage diabetes, so we include this category with only a few
values, to describe these aberrant cases. Notably, insulin-using PLWT2DM are not eligible for
the programme due to cold-chain procedures and the need for monthly clinical monitoring for

titration.t’

We used the “strops” command in Stata, to identify facilities that were hospitals, and those that
were primary health care (PHC) facilities (i.e. clinics or CHCs), based on the facility name. We
created a variable for facility type, with two levels, namely hospital or PHC facility. We also used
the “strops” function to identify neuropathy or nephropathy T2DM-related complication data and
created a binomial variable, indicating if there were no recorded complication, or if there was a
recorded complication (i.e. neuropathy or nephropathy). Notably diabetic retinopathy data was

unavailable in either data source. As the study period was over three years, and T2DM-related
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complications and facility type did not vary over time, we used the baseline category in our

coding strategy.

The SEMDSA clinical care guidelines recommend three months between HbALlc tests for those
sub-optimally controlled, and six months between tests for those optimally controlled.® We
calculated adherence to the SEMDSA testing frequency guidelines for each patient by calculating
the time between each HbA ¢ test and the test that preceded it with the Stata “datediff”
command. If the preceding test was optimal, we used an interval of six months or less to define
adherence and an interval of more than six months to define non-adherence. If the preceding test
was sub-optimal, we used an interval of three months or less to define adherence and an interval
of more than three months to define non-adherence. We then summed tests that adhered to the
recommended time interval for each patient, and divided this by the number of tests per patient
minus the first test (i.e. N -1). We subtracted the first test as it did not have a test preceding it.
We considered a proportion of 1 as the patients adhering to the guideline for all of their tests (e.g.
if a patient had three HbAlc tests, and two adhered to the recommended time interval, then their
adherence rate was 2/ (3-1) =1). Thus, the adherence variable was binomial.

The CCMDD is used to distribute medication for other stable chronic conditions (e.g.
hypertension (HPT), hyperlipidaemia and HIV). We used “strops” to identify the relevant
conditions, to create the comorbidity variable: T2DM alone, T2DM and HIV, T2DM and
dyslipidaemia, and multimorbidity (i.e. T2DM, HPT, HIV).

Data Analysis

STATA v17 was used to conduct the analysis. We used summary statistics to describe the HbAlc
tests available, as well as, the frequency and proportion of those with one, two or more than three
HbA1c tests performed over the study period. We also calculated the median and inter-quartile
range (IQR) time interval between tests in months, median age and the median months between
HbA1c test and CCMDD enrollment date. Medians and IQR were reported for all non-normally
distributed continuous variables, on statistical (sktest and swilk) and graphical tests.

We summarised baseline patient characteristics (i.e. sex, age, type of facility, T2DM-related
complications, type of oral hypoglycaemic therapy received and comorbidities) using frequencies

and proportions for all categorical data. We summarised median HbAlc values across each
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covariate’s strata. Additionally, frequencies and proportions were reported by optimal and sub-
optimal control across each covariate’s strata. The Chi-square test was used to assess the
association between glycaemic control status (optimal versus sub-optimal) and each covariate
(i.e. sex, age, type of facility, T2DM-related complications, type of oral hypoglycaemic therapy
received and comorbidities). A p-value less than 0.05 was considered statistically significant in

the Chi-square test.

For those who had an optimal HbA1c test value at baseline, with at least one repeat test value
available, we performed a survival analysis. The outcome of interest was years until sub-optimal
glycaemic control. It was generated by using the date of the first sub-optimal event, in the study
period. For those that remained optimally controlled to the end of the study period (i.e. those who
were right censored), we used the last date of the study period (i.e. 30 June 2022). We calculated
the median age (IQR), median HbAlc (IQR), median (IQR) months between HbA1c tests,
median (IQR) months between the first available HbAlc test and the CCMDD enrollment date,
median (IQR) number of tests per unique patient, and median (IQR) analysis time in years, by
glycaemic control outcome. We summarised these patient characteristics using frequencies and
proportions for sex, age, type of facility, T2DM-related complications, type of oral

hypoglycaemic therapy received and comorbidities.

Univariate analysis was performed, using Kaplan-Meier curves to analyse the survival curves for
the probability of maintaining optimal control by potential predictor variables (i.e. sex, age, type
of facility, T2DM-related complications, type of oral hypoglycaemic therapy received and
comorbidities). The log-rank test was used to compare survival curves across categorical
variables’ strata. We summarised frequencies, sub-optimal event frequencies and time at risk for
each covariate’s (i.e. sex, age, type of facility, T2DM-related complications, type of oral
hypoglycaemic therapy received and comorbidities) strata. Incidence rates for developing sub-
optimal control were calculated by dividing the number of sub-optimal events by the time at risk
(in person-years), for each covariate’s strata. Incidence rates and 95% CI were reported per 1000
person-years. We also assessed the 25" percentile of survival time in years (i.e. the analysis time
where 25% of subjects have become sub-optimally controlled and 75% remain optimally
controlled) for each covariate strata. Variables with a p-value <0.25 were included in the
multivariable Cox model. We tested interaction terms between all covariates, however none were

significant.
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The variables sex, facility type, type of therapy, and adherence to SEMDSA guidelines for
HbA1c testing frequency were included in the final model. The assumption of proportional
hazards (PH) was not upheld in the global test due to the variable facility type, consequently, an
extended Cox analysis, which is used for analysis where time-varying variables exist, was
conducted. We summarised the co-efficient (95% CI) and adjusted hazard ratios (95% CI) for the
main model and for the time-varying coefficient model. We calculated a combined effect by
adding the two models coefficients (i.e. 1- ((mainmodel co-efficient+ time-varying co-efficient)) | A confidence interval
of 95% was used and a significance level of p<0.05 was considered statistically significant for

the Cox regression model tests.
Ethical Considerations

Ethical approval was obtained from the University of the Witwatersrand’s Medical Human
Research Ethics Committee (HREC no. M220232). Data access approval was obtained from the
relevant custodians in the CCMDD and NHLS.

RESULTS

Participants

There were 41145 CCMDD-enrolled patients in eThekwini, who were 18 years or older and
receiving oral hypoglycaemic medication between 2018 and 2021 (Figure 2.1). Nineteen percent
(7 960/41 145) had 1 or more HbA1c test result. Among patients with a HbAlc test available,
27% (2 147/7 960) were optimally controlled at baseline. Of these, 695 patients had 1 or more
repeat HbAlc test result in the study period (Figure 2.1).
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41 145 CCMDD enrolled
patients, prescribed oral
hypoglycaemic medication,
218 years, between 2018-2021

33 185 patients were
excluded as they did not have
an HbAlc test result available
y in the study period

7 960 patients in the CCMDD ]

\

were matched to a HbAlc test
in the NHLS

5 813 patients were removed
as they were sub-optimally
controlled at their initial test at

y baseline

Y

2 147 patients were optimally
controlled at their initial test in
the study period

—

1 452 patients were removed.

- 1 451 patients had only one
> HbAlc test
Y - 1 patient had one follow-up
- test, however it was on the
695 patients had two or more same day as their first
HbAlc tests in the study period
and were selected for the study

Figure 2.1: Flow chart of study population selection. CCMDD, central chronic medication
dispensing and distribution programme; HbAlc, glycated haemoglobin Alc; NHLS, national
health laboratory service.

Descriptive data
Baseline analysis results

For the 7960 CCMDD-enrolled patients, there were 12 102 HbALc tests performed over the study
period (Table 2.1). Of the 12 102 HbA1c test results, 66% (n=7 960) were first observations,
22% (n=2 646) were second observations and 12% (n=1 496) were the third or more observations
for a unique patient. The overall median interval between tests for those with more than one test
available was 12 months (IQR: 8-18). The median age of patients was 60 years (IQR: 52-67) and
the median HbAlc was 8.2% (IQR: 7.0-10.0).

Demographic characteristics of the 7 960 patients with a baseline HbAlc are summarized by
glycaemic control status (Table 2.2). Those who were excluded for being sub-optimally
controlled at baseline differed from those that were included by sex, age, and type of therapy, and

were similar by type of facility, T2DM-related complications, and comorbidity (Table 2.2).

25



Table 2.1: Description of HbAlc samples for the Central Chronic Medicines Dispensing and Distribution programme cohort receiving oral
hypoglycaemic medication for T2DM, eThekwini, KZN, South Africa: 19th April 2018-30th Dec 2021 (N=7 960).
Number of HbAlc tests per patient

Characteristic 1 2 >3f Total

HbAlc samples N (%0) 7 960 (65.8%) 2 646 (21.9%) 1 496 (12.4%) 12 102 (100%)
Sub-optimally controlled N (%) 5 984 (75.2%) 1 964 (74.2%) 1181 (78.9%) 9 129 (75.4%)
Median HbAlc result (IQR) 8.1 (7.0-10.0) 8.1(6.9-9.9) 8.4 (7.1-10.1) 8.2 (7.0- 10.0)
Median months between 1st HbAlc test & CCMDD enrolment date (IQR) 4 (-8-18) 12 (-1- 26) 18 (5-31) 7 (-6-22)
Median months between HbA1c tests (IQR) - 12 (8-19) 9 (6-13) 12(8-18)
Median age in years (IQR) 60 (52-67) 60 (52-67) 60 (52-67) 60 (52-67)

fThose with 3 or more observations were grouped
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Table 2.2: Baseline median HbAlc value by patient characteristic for the Central Chronic Medicines Dispensing and Distribution

programme cohort receiving oral hypoglycaemic medication for T2DM, eThekwini, KZN, South Africa: 19th April 2018-30th Dec 2021(N=

7960).
Characteristic Total Median HbAlc (IQR) Sub-optimal (HbAlc >7%) Optimal (HbAlc <7%0) p-valuef
N=7960 (100%) N=5813 (73%) N=2147 (27%)
n (%) n (%) n (%)
Sex <0001
Male 2 608 (33%) 7.9 (6.8-9.8) 1816 (31%) 792 (37%)
Female 5 352 (67%)( 8.2 (7.0-10.1) 3997 (69%) 1 355 (63%)
Median age (years) 60 (IQR:52-67) - 59 (52-66) 62 (IQR:54-70) <0.001F
Age category (years) <0.0017"
<39 year 311 (4%) 8.5 (7.1-11) 234 (4%) 77 (4%)
40-59 years 3 566 (45%) 8.6 (7.2-10.5) 2 759 (47%) 807 (38%)
6079 years 3 831 (48%) 7.8 (6.9-9.5) 2 692 (46%) 1139 (53%)
>80 years 252 (3%) 7.1(6.5-8.1) 128 (2%) 124 (6%)
Type of facility 0.92f
PHC facility? 5 195 (65%) 8.1 (6.9-9.9) 3 792 (65%) 1403 (65%)
Hospital 2 765 (35%) 8.2 (7.0-10.1) 2 021 (35%) 744 (35%)
T2DM-related complication 0.23f
Neuropathy or nephropathy 4 135 (52%) 8.1(6.9-9.9) 2 996 (52%) 1139 (53%)
None recorded 3 825 (48%) 8.2 (7.0-10.1) 2 817 (48%) 1 008 (47%)
Type of therapy <0.0017"
Monotherapy 4 418 (56%) 7.6 (6.7-9.4) 2 870 (49%) 1548 (72%)
Dual-therapy 3 538 (44%) 8.8 (7.4-10.6) 2 939 (51%) 599 (28%)
Triple-therapy 4 (0%) 9.8 (9.3-10.1) 4 (0%) 0 (0%)
Comorbidity 0.097f
T2DMP alone 1175 (15%) 8.4 (7.0-10.3) 880 (15%) 295 (14%)
T2DM and HIV® 450 (6%) 8.6 (7.0-10.5) 335 (6%) 115 (5%)
T2DM and HPT® 5 608 (70%) 8.1 (7.0-9.9) 4 094 (70%) 1514 (71%)
T2DM, HIV and HPT 704 (9%) 8.0 (6.8-10.1) 487 (8%) 217 (10%)
T2DM and dyslipidaemia 23 (0%) 8.5 (6.8-10.4) 17 (0%) 6 (0%)

aPrimary health care, PType two diabetes mellitus, ‘Human Immunodeficiency Virus, “Hypertension; fp-value for the chi-square test for sub-optimal vs optimal; *p-
value for the Kruskal —Wallis test for median age by sub-optimal vs optimal; Significance level (p-value): "p<0.05, "p<0.01, "™*p<0.001.



Survival analysis results

Among the 695 study participants who had an optimal baseline HbA1c test result, and with one or more
repeat HbAlc test result (Table 2.3), the median age was 61 years (IQR: 53-69). The overall median
interval between HbA1c tests was 13 months (95% CI: 10—19) and was similar for those optimally (12
months; 95% CI: 10—19) and sub-optimally controlled (13; 95% CI. 10—20) (Table 2.3). The median time
between the first HbAlc test and the patient’s CCMDD enrolment date was three months before
enrolment (95% CI: 13 months prior—10 months post) (Table 2.3). The median number of HbA1c tests
per patient was 2 (IQR: 2-2), with 2 as a minimum and 13 as a maximum. The median time in the study
was 4.7 years for those who remained optimally controlled and was 3.2 years for those who became sub-
optimally controlled (Table 2.3). Of the 695 patients, 23 HbALc tests were in the period of the level 4-5
COVID-19 lockdown in South Africa (i.e. 27th March 2020-1 June 2020). The median time between test
during the lockdown period was 11.8 (95% CI: 6.4-14.9) months versus 12.1(95% CI: 8.9-20.1) months
in lesser level, or non-lockdown periods.

Table 2.3: Descriptive characteristics of the T2DM CCMDD-enrolled participants with >1 repeat HbAlc
test value available eThekwini, KZN, South Africa: 19th April 2018-30th Dec 2021 (N =695).

Characteristic Total Sub-optimal event Remained Optimal
(N=695) (N=242) (N=453)

Median Age (IQR) 61 (53-69) 59 (51-68) 61 (54-69)
Median HbA1c (%) 6.7 (6.1-7.3) 7.5 (7.2 8.6) 6.3 (6.0-6.6)
Median months between HbAlc tests (IQR) 13 (10-19) 13 (10-20) 12 (10-19)
Median months between CCMDD enrolment date -3 (-13-10) -4 (-15-6) -2 (-13-11)
and baseline HbAlc test date (IQR)
Median number HbA1c tests (IQR; min-max) 2 (2-2; 2-13) 2 (2-2; 2-6) 2 (2-2; 2-13)
Median analysis time in years (IQR; min-max) 4.7(3.8-4.7,0.4-4.7) 3.2(2.0-3.9;04-4.7) AT7(47-4.7,4.7-4.7)

Additionally, the majority attended primary healthcare facilities (71%; 496/695) and were prescribed
monotherapy (70%; 484/695) (Table 2.4). The most common comorbidity was hypertension (71%;
490/695), and 54% of the participants (377/695) having a T2DM-related complication of neuropathy or
nephropathy (Table 2.4).

Univariate Results

Demographic Information

The incidence rate for developing sub-optimal control over time was higher for male patients (155.04 per
1000 person-years) than for female patients (127.17 per 1000 person-years), however, it was not
significant (p=0.12) (Table 2.4 and Figure 2.2). Age was also not significantly associated with
developing sub-optimal glycaemic control (p=0.32), with higher incidence rates for younger age groups

(146.11 and 152.60 per 1000 person-years among those aged <39 years and those aged 40-59 years,
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respectively); and lower incidence rates for those aged 60-79 years (128.22 per 1000 person-years) and

those aged >80 years (88.58 per 1000 per years) (Table 2.4 and Figure 2.2).

Diabetes Severity

Patients attending PHC facilities had a significantly higher incidence rate of developing sub-optimal
control (152.53 per 1000 person-years), compared to those attending hospital facilities (105.35 per 1000
person-years; p=0.03) (Table 2.4 and Figure 2.2). Compared to patients with no reported diabetes-related
complications, patients with nephropathy and neuropathy had a lower incidence of sub-optimal control
(128.95 versus 146.38 per 1000 person-years; p=0.35) (Table 2.4 and Figure 2.2). Patients on dual-
therapy had a significantly higher incidence of sub-optimal glycaemic control, at 184.33 per 1000 person-
years, compared to those who only used one oral medication at 118.15 per 1000 person-years (p=0.00)
(Table 2.4 and Figure 2.2).

Quality of Care

The incidence rate of sub-optimal glycaemic control was significantly higher for those who did not have a
follow-up HbALc test within SEMDSA-recommended guidelines (i.e. within three months for those sub-
optimally controlled and within six monthly for those optimally controlled) (143.98 per 1000 person-
years) compared to those who did have a follow-up test within the SEMDSA-recommended time frame
(59.86 per 1000 person-years, p=0.01) (Table 2.4 and Figure 2.2). Those enrolled in the CCMDD
between 7-12 months had lower incidence rates of sub-optimal control than those enrolled for <7 or >12
months, however, this was not a significant finding (p=0.75).

Comorbidities

Patients with T2DM alone and with HPT comorbidity had lower incidence rates (128.50 and 133.66 per
1000 person-years, respectively), than those with multimorbidity (i.e., T2DM, HPT, and HIV), and those
with HIV comorbidity (155.91 and 157.86 per 1000 person-years, respectively). However, these results
were not statistically significant (p=0.83) (Table 2.4 and Figure 2.2).
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Table 2.4 Univariate survival analysis (Kaplan-Meier and log-rank test values) across potential predictor’s strata for the Central Chronic
Medicines Dispensing and Distribution programme cohort, eThekwini, KZN, South Africa: 19th April 2018-30th Dec 2021 (N=695).

Characteristic Number Number of sub- Time at risk  Incidence rate of sub-optimal glycaemic  25™ percentile of p-value
of cases optimal events  (years) control per 1000 person-years (95% CI1) survival time (years)"

Sex 0.12178

Male 248 95 612.73 155.04 (126.80-189.58) 2.61

Female 447 147 1155.89 127.17 (108.19-149.49) 3.16

Age 0.3238

17-39 years 24 10 68.44 146.11 (78.61-271.55) 3.62

40-59 years 298 113 740.70 152.60 (126.87-183.45) 2.69

60-79 years 333 110 857.87 128.22 (106.37-154.57) 2.86

>80 years 40 9 101.60 88.58 (46.09-170.25) 3.53

Type of facility 0.0257°¢

PHC facility? 496 180 1180.09 152.53 (131.80-176.52) 2.91

Hospital 199 62 588.52 105.35 (82.13-135.12) 3.03

T2DM-related complication 0.3447

Nephropathy or neuropathy 377 125 969.34 128.95 (108.22-153.66) 2.71

None recorded 318 117 799.27 146.38 (122.12-175.46) 3.18

Type of therapy 0.0006™"¢

Monotherapy 484 150 1269.52 118.15 (100.68-138.66) 3.41

Dual-therapy 211 92 499.10 184.33 (150.27-226.12 2.12

Comorbidity 0.8315

T2DM?® alone 86 28 217.91 128.50 (88.72-186.10) 3.18

T2DM and HIV® 39 16 101.36 157.86 (96.71-257.67) 1.92

T2DM and HPTH 490 168 1256.94 133.66 (114.90-155.48) 2.88

T2DM, HIV and HPT 80 30 192.41 155.91 (109.01-222.99) 3.34

Months enrolled in CCMDD 0.7485

<6 months 230 79 609.44 129.63 (103.98-161.61) 2.74

7-12 months 69 23 180.80 127.21 (84.54-191.43) 3.60

>13 months 388 138 957.67 144.10 (121.96-170.26) 2.71

HbA1c testing frequency adheres to SEMDSA guideline? 0.0064™"¢

Yes 63 9 150.34 59.86 (31.15-115.05) 4.44

No 632 233 1618.28 143.98 (126.63-163.71) 2.86

Total 695 242 1768.62 136.83 2.88

aPrimary health care, ®Type two diabetes mellitus, ‘Human Immunodeficiency Virus, “Hypertension; ¢Central Chronic Medicines Dispensing and Distribution; TThe
analysis time where 25% of subjects have become sub-optimally controlled and 75% remain optimally controlled. *SEMDSA clinical care guidelines recommend three
months between HbA1c tests for those sub-optimally controlled, and six months between tests for those optimally controlled; Significance level (p-value): "p<0.05, “p<
0.01, ™" p<0.001; & Log-rank test of equality across strata, with p-values below 0.25 for the predictors, will be included as potential candidates for the final Cox model.
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Figure 2.2: Kaplan-Meier survival curves for the probability of maintaining optimal
glycaemic control, by potential predictors, for the Central Chronic Medicines Dispensing
and Distribution programme cohort, eThekwini, KZN, South Africa: 19th April 2018-30th
Dec 2021 (N=695).

Multivariable Regression Results

Predictors from the Log-rank test of equality, with p-values below 0.25, were sex, facility
type, type of therapy, and adherence to SEMDSA guidelines for HbAlc testing frequency,

and were included in the final model.

Demographic Information
When holding other variables constant, male patients had a 21 times higher hazard than

female patients for developing suboptimal control over the study period (p=0.14) (Table 2.5).

Diabetes Severity

The adjusted hazard for those attending hospitals, in the main effects model, was 45% higher
than those attending PHCs (p=0.26). However, on treating facility type as a time-varying
covariate, by interacting its effect with the natural log of time, this hazard decreases by 50%
for each unit increase in the natural log of time (p=0.03). Thus, the combined effect is that of
a 27% reduction in risk of developing sub-optimal control for those attending hospitals
compared to those attending PHC facilities over the study period. The adjusted hazard for
those using dual-therapy was 50 times higher than the hazard among those using
monotherapy (p=0.00) (Table 2.5).
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Quality of Care

Patients who had their HbAlc tests according to the SEMDSA-recommended guidelines (i.e.
within three months for those sub-optimally controlled and within six monthly for those
optimally controlled) had an adjusted hazard 54% lower than the hazard for those whose
HbA1c test did not adhere to the SEMDSA guidelines (p=0.02) (Table 2.5).

Table 2.5: Multivariable Cox regression model for factors associated with developing sub-
optimal glycaemic control for the Central Chronic Medicines Dispensing and Distribution
programme cohort, eThekwini, KZN, South Africa: 19th April 2018-30th Dec 2021(N=695).

Characteristic Co-efficient (95% CI) Adjusted Hazard ratio p-value
(95% CI)
Main model
Sex
Male 0.194 (-0.064-0.453) 1.214 (0.938-1.572) 0.141
Female 1 1
Facility type
PHC 1 1
Hospital 0.372 (-0.276-1.020) 1.450 (0.759-2.771) 0.261
Type of therapy
Monotherapy 1 1
Dual-therapy 0.407 (0.147-0.668) 1.503 (1.158-1.950) 0.002™

HbALc testing frequency

adheres to SEMDSA guidelinef

Yes -0.770 (-1.441--0.100)  0.463 (0.237-0.905) 0.024"
No 1 1

Time-varying coefficient model

Facility type x In(t)
PHC 1 1
Hospital -0.690 (-1.313—-0.065)  0.502 (0.269-0.937) 0.031"

fSEMDSA clinical care guidelines recommend three months between HbA1c tests for those sub-optimally
controlled, and six months between tests for those optimally controlled; Significance level (p-value): "p<0.05,
p<0.01, "p<0.001.

DISCUSSION

In this study, we aimed to determine the proportions of T2DM CCMDD-enrolled patients
achieving optimal glycaemic control and factors associated with an increased hazard for
developing sub-optimal control. We found that only 27% of CCMDD-enrolled patients in
eThekwini had optimal glycaemic control at their first HbALc test in the study period; and
that those receiving dual therapy had an increased risk, while those who adhered to HbAlc
testing frequency guidelines had a lower risk. Those attending hospitals initially had a higher
hazard, however this effect decreased over time, resulting in a combined lower hazard

compared to those attending PHC facilities.

Our finding of 27% of CCMDD-enrolled patients in eThekwini, having optimal control at
their baseline HbA1c test result, was similar to findings from a cross-sectional file audit at
Tshwane PHC facilities, conducted in 2019, that revealed that only 29% of CCMDD-enrolled
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patients had optimal glycaemic control.*® While our finding is congruent with this past study,
we expected more patients to be optimally controlled at their HbAlc reading closest to
CCMDD enrolment; as patients need to have achieved a stable condition (based on two

consecutive normal FPG tests) to qualify for enrolment.?

A reason for this discrepancy could be our study’s use of HbAlc to define glycaemic control
versus the use of FPG by the CCMDD. We used HbA1c based on the IDF recommending
HbA1c as the gold standard for monitoring glycaemic control.? However, past studies have
found HbA1c and FPG to be incongruent.” The use of FPG, by the CCMDD, may be creating

a false stable target group.

An additional reason may be the time interval between the first available HbAlc test and the
patient’s CCMDD enrolment date. The median interval was three months, making it valid, as
a baseline measure. However, there was wide variation in the timing of the HbA1c test
relative to the CCMDD enrolment date (95% CI: 13 months prior—10 months’ post).
Nevertheless, our finding is concerning and highlights an unmet need in the care cascade, that
must be addressed to meet targets set out in SA’s NSP (i.e. 50% of those receiving treatment

achieving glycaemic control by 2030).°

We also found that adherence to the SEMDSA guidelines for HbAlc testing frequency was
poor in this cohort. Firstly, over the three-year study period, 81% of T2DM patients had no
HbA1c tests performed. Secondly, when looking at those optimally controlled at their first
reading, 32% (695/2147) of patients had a repeat test/s performed in the study period. This
finding, is in agreement with a study of NHLS HbA1c data, from GP (2015-2018), where
21% of patients with a first-ever HbA1lc test in the NHLS, who were optimally controlled,
had a follow-up result/s over their four-year study period.® These results are concerning as
the STG for T2DM recommends that patients receive a HbAlc test annually, or 6 monthly
when changes are made to medications prescribed. It is worth noting, that 33% (230/695) of
the cohort, were enrolled in the CCMDD for <6 months. However, due to the 6-month
window we included for HbA1c tests performed on either side of the study period, it is

unlikely that many repeat tests were missed.

Thirdly, for those with repeat tests, the median interval between tests was 12 months for
those that were optimally controlled and 13 months for those who were sub-optimally

controlled. This is not aligned with the SEMDSA guidelines of 6 months for those optimally
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controlled, and 3 months for those sub-optimally controlled.? It is noteworthy that the
CCMDD changed its activities during the COVID-19 pandemic, so that prescription
collections were extended from two-monthly to three-monthly, and clinic visits were
extended from six-monthly to annually.?’ We hypothesized that the resultant extended time
between clinical check-ups may have contributed to the longer interval between HbA1c tests
over this lockdown period, however our results revealed similar time intervals between tests
in periods of higher (i.e. level 4-5) lockdowns and periods with lower levels of lock down
(i.e. levels 0-3).

Lastly, adherence to SEMDSA guidelines was significantly protective against developing
sub-optimal control in those who began optimally controlled (aHR=0.463, 95% CI: 0.237—
0.905, p-value=0.024). Correspondingly, adherence to HbA1c testing guidelines for T2DM
patients has been demonstrated internationally. An Australian study, monitoring longitudinal
HbA1c values in T2DM patients visiting a general practitioner (2013—-2018), found that
adherence to the Australian guidelines for HbA1c testing intervals, which are in line with the
SEMDSA guidelines, resulted in patients remaining controlled over time. While low
adherence to guidelines resulted in increased HbAlc readings, sub-optimal glycaemic
control, and higher risk for chronic kidney disease.?* Similarly, a United Kingdom (UK)
study compared glycaemic control in patients receiving three-monthly testing to those
receiving annual testing, using data from clinical laboratories, and determined that three-
monthly testing was associated with a 3.8% reduction in HbAlc versus annual testing that

resulted in a 1.5% increase in HbAlc.%

This finding demonstrates that despite the policies for care being in place, the recommended
policy is not being sufficiently implemented within the CCMDD cohort. While bi-annual
clinical follow-ups are appropriate and fall within SEMDSA guidelines, for those who are
optimally controlled, it is not appropriate for those who are sub-optimally controlled. These
patients require intensification of their clinical visits and HbALlc testing to at least as
frequently as every three months. As it stands, many opportunities to intervene, educate and
improve glycaemic control and T2DM-related health outcomes for PLWT2DM in eThekwini,

are being missed.

We also found that patients who were prescribed dual-therapy were more vulnerable to
developing sub-optimal control. This concurs with results obtained in a study on the
determinants of glycaemic control for PLWT2DM in Lebanon, where those using dual-
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therapy compared to monotherapy, had twice the odds of being uncontrolled (OR 2.35, 95%
C11.58-3.50).% This result could be attributed to dual-therapy being used only for patients
who failed to attain optimal glycaemic control with metformin alone. As such, this group may
reflect individuals with higher rates of past failures or vulnerabilities to achieving glycaemic

control, before obtaining a stable status for CCMDD enrolment.

Moreover, we found an increased rate of developing sub-optimal control over time, for those
attending PHC facilities compared to those attending hospitals. This result agrees with a
study of NHLS HbAlc data, from GP, between 2015 and 2018, where those with sub-optimal
glycaemic control, who attended hospitals had a higher likelihood of achieving optimal
control, than those attending PHC facilities.*® This may be explained by reports from PHC
facilities of under-resourcing,?*?" lack of equipment,?’ lack of infrastructure,?®2” and poor
willingness of healthcare providers to adapt and integrate diabetes care into their service

provision.?®
Recommendations:

To address the high proportion of sub-optimally controlled patients enrolled in the CCMDD,
we recommend that the CCMDD consider amending their enrolment criterion to two
consecutive HbA1c tests, rather than FPG tests. Additionally, including a self-efficacy score
as an additional enrolment criterion may improve survival rates, especially among those
receiving dual-therapy to manage their conditions. These recommendations agree with
recommendations made by Ngassa Piotie et. al. (2019) following their Tshwane PHC
facilities file audit of CCMDD-enrolled patients.'® Future studies may also consider

comparing glycaemic control for a CCMDD cohort using both FPG and HbA1c test results.

We also recommend that a feedback loop needs to exist, between the CCMDD and either the
NHLS or the patient’s clinical results at facility-level, so they can monitor the enrolled
patient’s HbAlc. In this way, patients who change state from optimal to sub-optimal can be
flagged to exit the programme. This is critical in the context of diabetes, which is a
progressive disease by nature. As the disease progresses, medication management (i.e. adding
insulin to the regime) and the prevention/management of T2DM-related comorbidities must
be escalated accordingly. If there is no feedback of glycaemic control status to the
programme, clinical and patient inertia may well be compounded for enrolled patients that

become sub-optimally controlled.
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Additionally, in South Africa’s resource-constrained public health sector, we recommend that
the programme consider more frequent HbA1c monitoring of their patients using community
health workers,?-*° T2DM education/support groups within communities,®! or mobile health
(mHealth) technology (e.g. for patients waiting in CCMDD ques) and innovations to support
self-management.3 In fact, our results suggest that CCMDD-enrolled patients may be better
managed if point of care (PoC) testing (i.e. HbAlc or FPG) and management is built into the
programme at the pick-up points, rather than at already over-burdened facilities. Such
community-based interventions would offload already overburdened PHC facilities. These
approaches are aligned with existing policies in South Africa, such as the Primary Health
Care Re-engineering policy and Integrated Chronic Disease Management approach. These
policies seek to mobilise, build on existing skills, and extend the scope of practice for
community health workers, historically used for HIV/AIDS home-based management, to
deliver NCD services, such as screening and patient-education.?®3® Local and international
reports indicate that savings incurred from treating T2DM complications would offset costs
to implement such programmes3#-3; however, this would require a detailed cost-benefit

analysis of each recommended approach.

Furthermore, healthcare workers should be trained in the guidelines for care for PLWT2DM,
with an emphasis on the critical nature of achieving stable, optimal glycaemic control for this
population. Previous studies have revealed that knowledge of the SEMDSA and STG
guidelines among healthcare workers in PHC facilities is poor.2*

Additionally, to determine why so few HbA1c tests were performed for the CCMDD cohort,
over the study period, facility-based audits and further qualitative studies are needed to
establish if barriers to care exist for HbAlc testing at eThekwini hospitals and PHC facilities,
alike. Additionally, future studies should consider matching HbAlc results using more
advanced probabilistic matching techniques. As the CCMDD does not dispense insulin, the
insulin-using PLWT2DM population in eThekwini are not represented in this study. We
would recommend further studies to determine the unmet need in the cascades of care for

important portion of the population of PLWT2DM.
Study limitations and strengths

There were some limitations to consider in this study. There were limited HbA1c test results

available in the CDW for the study time period, thus the survival analysis results may need to
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be interpreted with caution. Also, information on factors known to be associated with sub-
optimal control in PLWT2DM was not available in either dataset. As a result, race, other
comorbid conditions (i.e. tuberculosis), obesity measures (weight, height, BMI), lifestyle
factors (i.e. smoking, alcohol use, diet, physical activity indices), self-efficacy and
socioeconomic factors were not included. Notably, as diabetes is a progressive condition,
duration of diabetes (rather than age) is an important predictor for sub-optimal control, and
the development of T2DM-related complications, however, it was not available in either data
source. These unavailable variables may represent unaccounted for confounding or

modifying effects, which may have distorted our results.

Despite these limitations, our study’s strengths were using retrospective data from T2DM
patients spread across 13 hospitals and 107 PHC facilities in eThekwini, thus suggesting a
good representation of the general CCMDD-enrolled population in eThekwini. This was also
the first study of CCMDD-enrolled patients in eThekwini. Despite the CCMDD being a large
public health programme, this was the first time CCMDD-enrolled patients were linked to

their clinical HbAlc results, to monitor and evaluate glycaemic control over time.

CONCLUSIONS

While the CCMDD is invaluable in improving access to medication for PLWT2DM, this
study, can alert policy-makers, within the NDoH and CCMDD, that significant barriers to
care still exist, as the majority of CCMDD patients are not achieving optimal glycaemic
control. Addressing pertinent issues, such as reassessing enrolment criteria and creating exit
criteria for those who become sub-optimally controlled, are critical. In order to flag sub-
optimal cases, a mechanism needs to be established for the frequent feedback of HbAlc
values into the CCMDD. Furthermore, in South Africa’s resource-constrained public health
environment, innovative technology and community-based interventions are needed to

increase HbALc testing frequency, to align to SEMDSA guidelines, for this cohort.
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CHAPTER 3 —EXTENDED METHODS

3.1 INTRODUCTION

This chapter will describe the approaches used to determine sub-optimal glycaemic control over
time, among T2DM patients enrolled in a chronic medication dispensing and distribution
programme, from 2018 to 2021. The study setting, the district of eThekwini in KZN, is described.
The study participants (i.e. all patients captured in the eThekwini CCMDD) and eligibility criteria
for the descriptive and survival analyses components are discussed. The CCMDD and NHLS data
sources are described, as are the variables that we extracted from each data set. Data management
and analysis will be discussed in detail. Lastly, ethical guidelines followed and ethical issues will

be considered.

3.2 STUDY DESIGN
We conducted a retrospective cohort study using secondary data from CCMDD and NHLS data

sources.

3.3STUDY SETTING

The study took place in the district of eThekwini in KZN, South Africa. Figure 3.1 shows
eThekwini’s geographical location within KZN. In 2019, eThekwini had a population of 3 987
648 and accounted for 34.7% of the KZN population (59). In terms of the demographic
composition, 51% of the population is female and 55% of the population are of working age
(between 20-59 years of age), with 8% of the population being over 60 years of age (59).
Furthermore, in terms of ethnicity, 74% of the population are Black Africans, 18% are Indian, 6%
are White and 2% are Coloured (59). eThekwini contains eight community health clinics (CHCs),
106 clinics, three district hospitals, one tertiary hospital, four specialized hospitals, and five
regional hospitals (59). There are 220 approved external chronic medication PuPs located within

the eThekwini community (59).
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Figure 3.1: Map of South African Provinces, KwaZulu-Natal districts and the eThekwini sub-
districts (60)

3.4 PARTICIPANTS

The study population included all T2DM adult patients (male and female) aged over 18 years
enrolled in the eThekwini CCMDD database, between 19" April 2018 and 30" December 2021
(Figure 3.2).

3.4.1 Eligibility Criteria

As this was a retrospective study, involving longitudinal data collected from the CCMDD, and
NHLS CDW laboratory data, no sampling was performed for this analysis. The following
eligibility criteria were used:

. T2DM patients aged more than 18 years, enrolled in the CCMDD and receiving oral
hypoglycaemic medication, in eThekwini, KZN province between 19" April 2018 and
30" December 2021.
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+ At least one HbA1c test recorded in CDW between 19" October 2017 and 30" June 2022 (i.e.

a six-month window on either side of the CCMDD enrolment date range).
3.4.2 Exclusion criteria

« Patients in the CCMDD extract who were not receiving oral hypoglycaemic medication were
excluded (Figure 3.2).

« For objective 1 patients without any HbAlc tests available in the study period were excluded
(Figure 3.2).

» For objective two and three, all those without follow-up HbAlc tests were excluded (Figure
3.2).

» For the survival analysis in objective four, all those not optimally controlled at the HbAlc
measure closest to CCMDD enrolment date, were excluded. Furthermore, all those without

follow-up HbA1c tests were excluded (Figure 3.2).
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Figure 3.2: Study participants and selection criteria per objective for the Central Chronic
Medicines Dispensing and Distribution programme cohort, eThekwini, South Africa
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3.5 DATA SOURCES
The CCMDD dataset contains demographic information on T2DM patients that have a stable

condition (FPG <7mmol/L for 2 consecutive readings) for the eThekwini cohort between 2018—
2021. However, glycaemic control (HbA1c), cholesterol measures (i.e. LDL) and the time
interval between HbAlc measures are not recorded. The NHLS serves all nine provinces of South
Africa and provides laboratory services to 80% of the population served under the public health
system at the national and provincial levels (61). NHLS is the sole provider of HbAlc tests in the
South African Public sector. The results of all glycaemic control tests ordered through the
network of laboratories are electronically fed to and housed in the CDW. Data for the present
study in eThekwini, was obtained from NHLS for the period from 18" October 2017—30" June
2022. It was used to supplement CCMDD information for HbAlc clinical measures, by merging

the datasets.

3.6 DATA MANAGEMENT AND VARIABLES
Data was provided by the CCMDD as an Excel spreadsheet and exported to STATA version 17

for cleaning and analysis. The data was checked for errors, inconsistencies, outliers, and missing
data. Any duplicate participants and duplicate observations per participant, were identified and

removed.
3.6.1 Merging variables

We extracted demographic information (name, 1D, or file number identifier), to allow for the
merging of data, for T2DM patients enrolled in the CCMDD in eThekwini. The data was sent to a
key person within NHLS, to retrieve all HbAlc and LDL tests for each patient in the CCMDD
cohort from 2017. We allowed a six-month window, for the HbAlc reading from the clinical visit
preceding the patient’s first encounter with the CCMDD, to be included. Once extracted by
NHLS data managers, the primary investigator cleaned both datasets, reshaped the CCMDD data
to a wide format, and merged each patient in the CCMDD data set to their HbA1c results, using a
unique patient ID (Appendix 10). The data was then de-identified. The variables for HbAlc test
date, the HbALlc result, and the unique patient ID, were used to determine a duplicate
observation. Data variables were unstrung and formatted as numerical, date values or encode as

categorical variables, as was appropriate.
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3.6.2 Glycaemic Control

We used the continuous HbA1c value for descriptive analysis. We also used it to create a binary
variable for optimal and sub-optimal control, for the outcome variable of the survival analysis.
This study defined glycaemic control as optimal if the HbAlc reading was 7% or less and as sub-
optimal for values above 7%. This is per the 2017 Society for Endocrinology, Metabolism and
Diabetes of South Africa (SEMDSA) guidelines and the 2020 South African Standard Treatment
Guidelines (STG) (4,16,17). Both recommend using HbA1c as a monitoring tool as it captures

glycaemic control over two to three months (4,16,17).

For those CCMDD-enrolled patients with an available HbA1c test result, the baseline HbAlc was
the first recorded reading within the study period. For those CCMDD-enrolled patients with a
follow-up HbAXc test result available, both the first and the last recorded readings were used. For
the survival analysis, only those optimally controlled at their first reading in the study period

were used, and time-to-failure was calculated for the first change of status to sub-optimal control.

We also created a categorical variable from the HbAlc value, where values less than or equal to
7% were optimal, and sub-optimal values were further sub-catagorised as 7.1-8.9% (poor but
acceptable), 9—-11.9% (very poor- at higher risk for T2DM-related complications and need to
reassess management), and 12% or more (very poor and at an even greater risk for T2DM-related

complications).
3.6.3 Demographic Information

We created recoded a sex variable using the sex variable from the CCMDD dataset. Age was
calculated, using the “datediff” command in Stata. As age was time-varying for each HbA1c test,
we subtracted the HbA1c sample collection date for the relevant test (sourced from the NHLS
data), from the patient’s date of birth (sourced from the CCMDD data) for each HbA1c test result
entry in the line list by unique ID. Once calculated, we catagorised age in years, in four levels, as
follows: 18-39, 40-59, 6079 and 80 or over. We used these categories as the age data was
skewed and we suspected nonlinearity. We included the categories 18—-39 and 80 or over, despite

the relatively fewer values to isolate the aberrant values in these categories.
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3.6.4 Intermediate targets for cardiac health

The SEMDSA guidelines include measures for cardiovascular risk factors, such as dyslipidemia,
as T2DM is an additional risk factor for macrovascular complications causing coronary artery
disease (CAD) (4). Clinical data for LDL cholesterol was used as a measure for dyslipidemia (4).
We recoded LDL as optimally controlled if it was less than 1.8mmol/L or sub-optimally
controlled if it was greater than or equal to 1.8mmol/L. We extracted LDL measures from the
NHLS merge, however, there were only five measures in total extracted from the NHLS, and as

such, we dropped this component from the analysis.
3.6.5 Diabetes severity

Data on the type of treatment, facility type and diabetes-related complications were extracted.
Information on medications used to achieve glycaemic control was extracted from the CCMDD
data. Metformin is initially used alone. Dual oral therapy is when a second medication (e.g.,
sulphonylurea) is added for those not achieving targets on monotherapy (1,4,16). Notably,
patients taking insulin, with more progressive disease, were not included in the CCMDD
programme, due to cold-chain procedures and insulin-users requiring monthly clinical review for
titration (62). Since the patient's prescriptions for oral hypoglycaemic medications changed over
time, we used the following coding strategy. If the patient used two oral hypoglycaemic
medications (dual-therapy) at any point over the study period, or changed from monotherapy (i.e.
one oral hypoglycaemic medication) to dual-therapy, they were placed in the dual-therapy
category. Those that only ever used one oral hypoglycaemic agent were placed in the
monotherapy category. While not within the recommendations, some patients were receiving
three oral hypoglycaemic agents to manage their diabetes in a script. These patients were
catagorised as triple-therapy.

The facility name was extracted from the CCMDD data. We used the “strops” command in Stata,
to identify facilities that were hospitals, and those that were PHC facilities (i.e. clinics or CHCs),
based on the facility name. We created a binomial variable for facility type, with two levels,
namely hospital or PHC facility. We assumed more complex cases were managed at hospital-

level, and that less complex cases would be managed at PHC-level.
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T2DM-related complications, in terms of the development of diabetic neuropathy or nephropathy,
were extracted, from the CCMDD data. We created a binomial variable, indicating if there were
no recorded complication, or if there was a recorded complication (i.e. neuropathy or
nephropathy). We assumed that T2DM-related complications were linked to poorer glycaemic
control. As the study period was over three years, and T2DM-related complications and facility

type did not vary over time, we used the baseline category in our coding strategy.
3.6.6 Quality of Care

We measured the quality of care by extracting the median interval between HbA1c tests, as well
as the median duration of enrolment in the CCMDD programme. For those with stable glycaemic
levels, HbA1c is recommended to be monitored six monthly (SEMDSA guideline) or annually
(STG/EML guideline) (4,16,17). For those who are not in the target range or who have had a
change in their T2DM management, monitoring is recommended three to six-monthly in the STG
and three-monthly in the SEMDSA (4,16,17). As those enrolled in CCMDD only attend the
clinic bi-annually, rather than monthly, we were interested to see if these guidelines for care were
being adhered to. As such, we calculated adherence to the guidelines for each patient by
calculating the time between each HbA1lc test and the test that preceded it with the Stata
“datediff” command. If the preceding test was optimal, we used an interval of six months or less
to define adherence and an interval of more than six months to define non-adherence. If the
preceding test was sub-optimal, we used an interval of three months or less to define adherence
and an interval of more than three months to define non-adherence. We then summed tests that
adhered to the recommended time interval for each patient, and divided this by the number of
tests per patient minus the first test (i.e. N - 1). We subtracted the first test as it did not have a test
preceding it. We considered a proportion of 1 as the patients adhering to the guideline for all of
their tests (e.g. if a patient had three HbALlc tests, and two adhered to the recommended time

interval, then their adherence rate was 2/ (3 - 1) = 1). Thus, the adherence variable was binomial.

Furthermore, the “datediff” command was also used to determine the time each patient was
enrolled in the programme. We used data extracted from the CCMDD to subtract the first
prescription date from the last prescription date in the study period. This was then used, to create

a categorical variable.
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3.6.7 Comorbidities

We extracted the first and last medication prescriptions for each patient from the CCMDD. As
medications used to treat T2DM, HPT, hyperlipidaemia and HIV are condition-specific, we used
them to create the comorbidity variable. Comorbidity included T2DM alone, T2DM with HIV,
T2DM with HPT, or multimorbidity (T2DM with both HIV and HPT). Comorbidities did not
vary much over the course of the study, due to the short study period, so we used a coding
strategy where if a patient had the comorbidity at baseline, they were included in that category.

3.7 STATISTICAL METHODS

3.7.1 Descriptive analysis methods for the CCMDD cohort at baseline

Data from the CCMDD, describing the cohort was merged with laboratory data for HbAlc from
the NHLS. Data was analysed using Statal7. For those that had a least one HbALlc value, in the
study period, median HbAlc values were compared across each descriptive variable. HbAlc
values were non-normally distributed on statistical (sktest and swilk) and graphical tests, and
were not able to be transformed, and are thus presented as medians with an interquartile range
(IQR). Bivariable analysis between HbAlc glycaemic control category, and each variable, was
performed using the Chi-square test. Data with a normal distribution are presented as means
(xSD) and non-normal data are presented as medians (IQR). A confidence interval (CI) of 95%
and a significance level of 0.05 was used with p <0.05 considered statistically significant for all

tests.

3.7.2 Descriptive and bivariable analysis methods for CCMDD-enrolled patients with a
follow-up HbA1c value available

A comparison of the initial HbAlc reading, with a subsequent follow-up estimation, was made
for those, for whom, at least two HbALc readings were available within the study period. Both
the first and last available reading in the study period, were described by frequency and
proportion of the distribution of HobA1c values (in fulfillment of objectives one and two). Median
HbA1c values were compared across each descriptive variable. HobAlc values were non-normally
distributed, and were not able to be transformed. As such they are presented as medians.
Bivariable analysis between HbA1c glycaemic control category, and each variable, was

performed using the Chi-square test. Data with a normal distribution are presented as means
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(xSD) and non-normal data are presented as medians (IQR). A 95% CI and a significance level
of 0.05 was used with p < 0.05 considered statistically significant for all tests. Correlations and
odds ratios (ORs) between sub-optimal glycaemic control at the first and last HbAlc test and

intervening variables were tested, using bivariable logistic regression analysis (in fulfillment of

objective three).
3.7.3 Survival analysis methods

Survival analysis was performed in fulfillment of objective four. Observations who did not have a
sub-optimal HbAlc event over the study period, were right censored. The outcome of interest
was Yyears until the event of sub-optimal glycaemic control occurred. It was generated by using
the date of the first failure event (i.e. suboptimal glycaemic control), for those who had a failure
event in the study period, and for those right-censored, the last date of the study period was used
(i.e. 30 June 2022).

Univariate analysis was performed, using Kaplan-Meier curves to analyse categorical variables,
and univariate Cox proportional hazards regression was used for continuous variables (63,64).
The log-rank test was used to compare survival curves across strata of categorical variables
(63,64). We also calculated failure rate by period (e.g. 1% January 2018—-1% January 2019) by
diving the number of failures in a time period (e.g. 1% January 2018—1% January 2019), by the
person-time (years) from the same time period (e.g. 1% January 2018-1% January 2019). We
present the result as failure rate per 1000 person years, by multiplying the above failure rate by 1
000.

Variables were considered for use in the multivariable Cox model, if they had a p-value less than
0.25 (65). All variables, included in the final model, were considered as potential interaction
terms. Interaction terms were added, one at a time, however, as no interaction terms had a
significant p-value, none were included in the final model. The assumption of proportionality was
tested, by using the global proportional hazards (PH) test and by including time-varying co-
variates (63,64). The assumption of proportional hazards was not upheld on the global PH test.
As such, an extended Cox model was built by interacting the time-varying coefficients with the
natural log of time (63,64). Cox-Snell residuals were used to determine the goodness-of-fit of the
models (65).
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3.8 ETHICS

Ethical approval (Appendix 3—Appendix 5) was applied for and obtained through the University
of the Witwatersrand’s Human Research Ethics Committee (HREC; no. M220232). Data access
permissions were obtained from the NDoH, CCMDD, and NHLS gatekeepers (Appendix 6—
Appendix 8). Once data sets were merged and duplicate participants were identified, all
identifiers were removed and stored separately to the working spreadsheet, in a password-

protected file, and on a password-protected laptop.
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CHAPTER 4 —EXTENDED RESULTS

4.1 INTRODUCTION

In this chapter, we present the results on the proportions of optimal glycaemic control for those
who had a baseline and follow-up HbA1c test value available (objectives one and two); as well
as, the results for the factors associated with sub-optimal control at patient’s baseline and the last
HbA1c tests in the study period (objective three). The results from the descriptive analysis of the
CCMDD cohort with one HbA1c test available in the study period, as well as from the survival
analysis (objective four), are found in the submissible format article in Chapter 2. Extended
results from the survival analysis (objective 4), that were beyond the scope of the submissible

article, are also presented in this chapter.

4.2 DESCRIPTIVE DATA FOR THE COHORT

Among the 2622 study participants with more than one repeat HbA1c test/s (Appendix 11), most
were aged between 40-59 years (49%; 1286/2622) and were female (68%; 1772/2622).
Additionally, the majority attended primary healthcare facilities (70%;1840/2622) and were
prescribed monotherapy (52%; 1360/2622). The most common comorbidity was hypertension
(68%; 1791/2622), with 50% of the participants (1320/2622) having a T2DM-related

complication of neuropathy or nephropathy

4.3 OUTCOME DATA FOR THE COHORT

A comparison of the first HbAlc test value to the last HbAlc test value for the 2 622 case-
patients with more than one test value available, showed minimal changes in glycaemic control
status (Figure 4.1). At the first HbAlc test available, 26.5% (695/2 622) were optimally
controlled, while 73.5% (1 927 /2 622) were sub-optimally controlled. At the last available
HbA1lc reading, 28% (744/2 622) were optimally controlled, and 72% (1 878/2 622) were sub-
optimally controlled, despite their enrolment in the programme. Notably, only five LDL readings
were found in the NHLS CDW for the CCMDD patient list provided. As such this aspect was
dropped for further analysis in this study.
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Glycaemic control category by first and last HbAlc test in the study period
Figure 4.1: Distribution of HbA1c values for the Central Chronic Medicines Dispensing and
Distribution programme cohort, eThekwini, KZN, South Africa- 19th April 2018-30th Dec 2021
(N=2622).

Proportion of patients (%)

Of the 695 who began optimally controlled, 35% (n =242) changed their status to sub-optimal
control over the study period. Of the 1 927 who began sub-optimally controlled, 15% (n =288)

changed their glycaemic status to optimal.

4.4 BIVARIABLE RESULTS AT FIRST AND LAST READING

Table 4.1 provides bivariable regression results, for each factor’s association to sub-optimal
glycaemic control, for the cohort (N =2622) at both baseline and the last follow-up test available
in the study period. Decreasing age and receiving dual versus monotherapy, were significantly
positively associated with increased odds for sub-optimal glycaemic control at both baseline and
last HbA1c tests in the study period. While havingT2DM-related complications (i.e. nephropathy
or neuropathy) was associated with significantly decreased odds at both time points. Being
female was only significantly associated with increased odds for sub-optimal control at the
baseline. At the last HbAlc test, SEMDSA guideline adherence for HbA1c testing frequency, and
longer CCMDD enrolment were associated with decreased odds for sub-optimal control. While
attending a PHC facility versus a hospital was significantly associated to increased odds of
developing sub-optimal glycaemic control.

4.4.1 Demographic Information

The odds of sub-optimal control among females was 22% (p =0.032) and 13% (p =0.171) higher
than the odds for males, at baseline and follow-up, respectively (Table 4.1). Age was
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significantly associated with sub-optimal glycaemic control at both baseline and follow-up. At
baseline, when using those over 80 years as a reference group, those aged 39 years and under,
those aged 40-59, and those aged 60—79 years had 3.8 (p =0.000), 3.3 (p=0.000) and 2.2 (p=
0.000) times greater odds of being sub-optimally controlled (Table 4.1). Similarly, at the last
follow-up HbALc test available, those aged 39 and under, between 40—-59, and between 60—79
years had 2.9 (p=0.000), 4.2 (p=0.000) and 3.1 (p =0.000) times greater odds of being sub-
optimal controlled (Table 4.1). The odds of sub-optimal control increased in all age groups, from

baseline to follow-up, except for those <39 years of age.
4.4.2 Diabetes Severity

Patients attending PHC facilities were less likely to have sub-optimal control, compared to those
attending hospitals, at baseline (OR:0.93; p=0.423), and more likely to have sub-optimal control
at the last follow-up (OR: 1.23; p=0.029) (Table 4.1). Compared to patients with no reported
complications, patients with nephropathy or neuropathy had lower odds of sub-optimal control, at
both baseline (OR:0.81; p=0.017) and last follow-up (OR:0.82; p=0.022) (Table 4.1). Patients
who required dual-therapy to manage their conditions, had 2.7 (p =0.000) and 2.4 (p =0.000)
times the odds of sub-optimal glycaemic control, at baseline and follow-up, respectively,

compared to those who only used one oral medication (Table 4.1).
4.4.3 Quality of Care

At follow-up, patients who were tested at a frequency that did not adhere to SEMDSA-
recommended HbA1c testing frequency guidelines (i.e. three-monthly if sub-optimally controlled
and six-monthly if optimally controlled); had 96% increased odds of having sub-optimal control,
when compared to those who were tested according to SEMDSA-recommended guidelines (p =
0.000) (Table 4.1). At last follow-up, those who were enrolled for seven to 12 months or more
than 13 months, had 10% (p =0.459) and 17% (p = 0.046) lower odds of sub-optimal control,

when compared to those enrolled for less than six months (Table 4.1).
4.4.4 Comorbidities

At baseline, patients with comorbidity, were less likely to have sub-optimal control, compared to

those with T2DM alone. However, only multimorbidity (HIV, HPT, and T2DM) and HPT

comorbidity were significantly associated with sub-optimal control (p =0.039 & p=0.032), with
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multimorbidity patients having 31% lower odds, and those with HPT comorbidity having 25%
lower odds of being sub-optimally controlled (Table 4.1). At follow-up, multimorbidity and HPT
comorbidity were still negatively associated with sub-optimal control (OR:0.91; p=0.577 & OR:
0.86; p=0.243), however having HIV with T2DM was positively associated with sub-optimal
control (OR:1.203; p=0.401), when compared to those with T2DM alone (Table 4.1).

Table 4.1: Correlates to sub-optimal glycaemic control at the first and last HbAlc follow-up test,

among the Central Chronic Medicines Dispensing and Distribution programme cohort,
eThekwini, KZN, South Africa: 19th April 2018-30th Dec 2021 (N = 2 622).

Baseline HbA1c test (N= 2 622) Last follow-up HbAlc test (N= 2 622)
Bivariable Model Bivariable Model

ORf 95% CI* p-value OR? 959% CI# p-value
Sex
Male Ref Ref
Female 1.221 1.017-1.466 0.032" 1.134 0.947-1357 0.171
Age
<39 years 4.785 2.497-9.171 0.000™" 3.933 2.130-7.264  0.000™"
40-59 years 4.278 2.630-6.959 0.000™  5.153 3.390-7.834  0.000™"
60-79 years 3.173 1.952-5159 0.000™"  4.063 2.683-6.153  0.000™"
> 80 years Ref Ref
Type of facility
PHC? facility 0.925 0. 764-1120  0.423 1.226 1.021-1.472  0.029"
Hospital Ref Ref
T2DM-related complication
None Ref Ref
Complications 0.808 0.679-0962  0.017"  0.820 0.691-0972  0.022"
Type of therapy
Mono-therapy Ref Ref
Dual-therapy 2.744 2.281-3302 0.000™ 2.379 1.992-2842  0.000™"
Co-morbidity
T2DM?® alone Ref Ref
T2DM and HIV® 0.885 0.574-1.364 0.580 1.203 0.782-1850  0.401
T2DM and HPTH 0.751 0.579-0.975 0.032"  0.863 0.674-1.105 0.243
T2DM, HIV and HPT  0.690 0.484-0.982 0.039"  0.906 0.642-1281  0.577
Months enrolled in CCMDD
< 6 months Ref Ref
7-12 months - - - 0.897 0.672-1.197  0.459
> 13 months - - - 0.828 0.688-0.997  0.046"
HbA1c testing frequency adheres to SEMDSA guideline®
Yes Ref Ref
No - 1.963 1.365-2.824  0.000™"

tOdds ratio, *Confidence interval, 2Primary health care, "Type two diabetes mellitus, ‘Human Immunodeficiency
Virus, ®Hypertension; SSEMDSA clinical care guidelines recommend three months between HbAlc tests for those
sub-optimally controlled, and six months between tests for those optimally controlled; Significance level (p-value):
“p <0.05, ™p <0.01, ™p <0.001.
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4.5 EXTENDED RESULTS FROM THE SURVIVAL ANALYSIS

4.5.1 Survival Analysis by Year

The hazard for developing sub-optimal control was similar in 2018—-2019 (failure rate: 152.02 per
1000 person-years, 95% Cl= 115.22-200.58) and 2020—2021 (failure rate: 156.82 per 1000
person-years, 95% Cl= 125.96-195.24) time periods and, was somewhat higher in the 2021
2022 (failure rate: 162.96 per 1000 person-years, 95% Cl= 124.81-212.78) time period.
Comparatively, the 2019-2020 time period (failure rate: 112.67 per 1000 person-years, 95% Cl=
85.40 — 148.66) had a lower failure rate (Table 4.2 and Figure 4.2). Notably, the 2017—-2018
(failure rate: 51.79, 95% CIl= 25.90 — 103.56) and 20212022 time periods only consisted of two
and six months, respectively. The median time between tests in the level 4-5 lockdown periods
(i.e. 27" March 20201 June 2020) was 11.8 (6.4-14.9) months versus 12.1(8.9-20.1) months in
0-3 level lockdown periods. Similarly, the median HbA1c test value in the level 4-5 lockdown
period was 6.4% (95% Cl= 6-7.3) versus 6.7% (95% Cl= 6.2—7.3) in levels 0-3 periods.

Smoothed hazard estimate

Sugar tax implemented (1 April 2018) | [Level 4-5 lockdown (27 March- 1June 2020) |

Hazard Rate (per 1 000 person years)

T T T T T T
2017 2018 2019 2020 2021 2022
Analysis time

95% CI Smoothed hazard function

Figure 4.2: Smoothed hazard (sub-optimal glycaemic control) rate estimates for the Central
Chronic Medicines Dispensing and Distribution programme cohort, eThekwini, KZN, South
Africa: 19th April 2018-30th Dec 2021 (NHLS window:18th October 2017—-30th June 2022) (N=
242); CI, Confidence interval
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CHAPTER 5— CONCLUSION

5.1 INTRODUCTION

In this chapter we will discuss the results from our study’s descriptive analysis and survival
analyses. In this study, we firstly aimed to determine whether adult T2DM CCMDD-enrolled
patients, collecting chronic medication from community PuPs, were optimally controlled for their
T2DM at enrolment into the CCMDD programme and at last HbAlc reading. Our results are

presented and are placed in context using existing literature.

Secondly, we aimed to determine which factors were associated with sub-optimal control and
time to sub-optimal control, between 2018 and June 2021, in the eThekwini district, KwaZulu-

Natal. Our results are presented and are compared and contrasted to other relevant studies.

We then reflected on our studies’ limitations and strengths. Finally, we made recommendations
for the CCMDD, the NDoH and for future studies, based on our findings.

5.2 DISCUSSION

5.2.1 Descriptive analysis of HbAlc and LDL testing

We found that of the cohort enrolled in the eThekwini CCMDD who received oral
hypoglycaemic medications (41 145), between 2018-2021, the majority, 81% (33 185), had no
HbA1c test available in the three-year study period. Similar results were found in an audit study
conducted at a diabetes clinic in a KZN regional hospital (2011) and at PHC facilities in the
Western Cape (2015-2020), where 76% and 70% of T2DM patients, respectively, had no
HbA1c test in the preceding 12 months (66,67). This seems to indicate that HbAlc testing

remains an issue, despite the existence of the SEMDSA guidelines for quality of care.

We also found, that of those with an initial result available, only 33% (2 622/7 960) had a
follow-up HbAc test available in the NHLS, between the 18" October 2017—30™ June 2022.
Similarly, a study conducted in GP, between January 2015 to December 2018, found that 26% of
patients with a first-ever HbAlc test in the NHLS, had follow-up results over their four-year
study period (68). Only 24% of T2DM patients had a repeat HbA1c test available, in a 12 month
review period, in a 2011 audit study in a KZN regional hospital (66).
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Additionally, in our study, only 1.7% (695/41 145) of the CCMDD cohort receiving an oral
hypoglycaemic agent, had an initial optimal glycaemic reading (at their reading closest to
enrolment into the programme) and at least one follow-up test, to be included in the survival

analysis.

Furthermore, we found that the median time between HbALc tests, for those who had at least one
follow-up HbAlc reading, was 13 months (range: 10—19) for those optimally controlled and 12
months (range: 8—19) for those sub-optimally controlled. We expected to find more frequent
testing being performed, in line with the three-monthly or six-monthly testing as set out in the
SEMDSA and STG guidelines, respectively (4,16). A similar finding was described by Kone et.
al. for HbAlc testing in GP, where the median testing interval was reported as 11 months (95%
Cl: 5-16), whether the control status was optimal or sub-optimal (68).

We had sought to assess LDL measures for this cohort, as LDL measures can be used as an
intermediate target for cardiac health, as it is an additional risk factor for developing
macrovascular complications causing coronary artery disease (CAD) in those with T2DM (4).
However, despite the SEMDSA, recommending annual testing of LDL for PLWT2DM, there
were only five measures in total extracted from the NHLS. As such, we had to drop this
component from the analyses. While seemingly inexplicable, similar findings are not unheard of.
A 2011 KZN regional hospital audit, of people attending a diabetes clinic, found that while 74%
of T2DM patients had a total cholesterol test performed, no patients had LDL tests performed in
the 12 months preceding the audit date (66).

5.2.2 Proportions achieving optimal control at enrolment and at last recorded HbAlc test

We estimated that of those receiving medication through the eThekwini CCMDD programme,
with at least one HbA1c available, only 27% (2 147/ 7 960) had optimal glycaemic control at the
HbA1c reading closest to CCMDD enrolment. Of those that had at least one follow-up HbAlc
reading available, 27% (695/ 2 622) had optimal glycaemic control at their first available HbAlc
test, with 28% (744/ 2 622) optimally controlled at their last available HbAlc test in the study
period. This finding is of deep concern and pinpoints an unmet need at this level of the cascade
of care. It will need to be addressed if the NDoH aims to meet the SA National strategic plan’s

target of 50% of those receiving treatment to achieve glycaemic control by 2030 (39).
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These results concur with a PHC facilities file audit, conducted in Tshwane in 2019, by Ngassa
Piotie et al., which revealed that only 29% of patients enrolled in CCMDD had optimal
glycaemic control (57). There has been one population-based study in South Africa, by Stokes et
al. in 2017, using data extracted from the SANHANES (2011-2012), that estimated that of those
treated, 51% had achieved optimal glycaemic control (48). This differs considerably from the
findings in our study. Potentially, levels of sub-optimal control, among those receiving
medication, have increased considerably over time, or the population of eThekwini may not be
representative of South Africa as a whole. Also, the SANHANES survey included insulin-users
and did not differentiate between type 1 and type 2 diabetes, as well as, including those aged
over 15 years of age (69).

However, our finding, of the proportion optimally controlled, fell within the range found in
previous clinical audit studies (15.3%—30.7%) across South African provinces (52-56,58). They
consistently report small proportions of T2DM patients reaching glycaemic targets, across
primary (i.e. 19.3% at Hillborow Clinic in 2017 and 27% across Tshwane PHCs in 2015) and
tertiary levels of care (i.e. 20.1% at Umtata General Hospital in 1999, 30.7% at GP academic
hospitals in 2009, 15.4% in Port Shepstone Hospital in 2017, and 15.3% at Helen Joseph
Hospital in 2020) (52-56,58).

While our findings are congruent with these past studies, we expected levels of optimal control
to be significantly higher in this cohort, as they had to have achieved a stable condition to be
enrolled into the CCMDD programme. This discrepancy may be partially explained by this study
defining optimal glycaemic control status using an HbA1c value of <7%, while the CCMDD
defines a stable condition using a FPG value of <7mmol/L (43). We chose to use HbAlc in this
study as it is recommended as the gold standard for the monitoring of glycaemic control by the
IDF (1), as it indicates glycaemic control over a few months (2,6). Whereas, FPG is a spot
measure and is easily influenced by glucose intake before the reading. Studies have found that

FPG and HbA1c measures may not be congruent (1,2).

Additionally, while the median time between enrolment into the CCMDD, and the first available
HbALc test, was three months preceding enrolment; there was a wide 95% CI of 13 months
before to 10 months after the CCMDD enrolment date. As such, there may have been a change

of state between enrolment and the first laboratory test available for HbAlc in this study.
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Nevertheless, our study estimates that 72—73% of patients enrolled in the eThekwini CCMDD
programme are sub-optimally controlled. This is problematic as the CCMDD’s mandate, is to
provide easier access to medication for stable patients, who inherently require fewer encounters
with healthcare providers (43-45). However, it appears as if the programme is not consistently,
correctly targeting stable T2DM patients. As a result, these sub-optimally controlled patients are
continuing to collecting their medications at community-based PuPs, and are only attending their
clinics bi-annually. Thus, negating the SEMDSA’s recommended three-monthly clinical check-
ups, for sub-optimally controlled patients (4). This represents many missed opportunities to
intervene, educate and improve glycaemic control and T2DM-related health outcomes for
PLWT2DM in eThekwini. Sub-optimal control may be contributing an increased risk for T2DM-
related complications and to premature deaths. Our study suggests that the definition for
enrolment into the CCMDD may need to be reviewed. More pertinently, however, definitions
and protocols need to be developed for patients to exit the programme when they become sub-

optimally controlled, for the CCMDD to achieve maximum benefit for their patients.
5.2.3 Factors associated with sub-optimal control and time to sub-optimal control

Sub-optimal control is associated with non-compliance with HbA1c testing interval guidelines

Non-adherence with SEMDSA’s monitoring guidelines (i.e. testing within three months for those
sub-optimally controlled and within six months for those optimally controlled) was significantly
associated with being sub-optimally controlled in the bivariable analysis (OR:1.96, 95% CI:
1.365- 2.824, p-value: 0.000) and adherence with SEMDSA’s guidelines was significantly
protective for the development of sub-optimal glycaemic control in the survival analysis (aHR:
0.463, 95% CI: 0.237-0.905, p-value=0.024).

Our findings are in agreement with international studies that have shown that more frequent
testing was associated with reduced HbA1c readings, improved glycaemic control, and reduced
T2DM-related complications (70-73). An Australian study, monitoring longitudinal HbAlc
values in T2DM patients attending GP practices between 2013 to 2018, found that high
adherence to the Australian guidelines for HbA1c testing intervals, at three-monthly for those
sub-optimally controlled and six-monthly for those optimally controlled, resulted in patients
remaining controlled over time. While low adherence to guidelines resulted in increased HbAlc

readings, sub-optimal glycaemic control and higher risk for chronic kidney disease (70).
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A study from the United Kingdom (UK), compared glycaemic control in patients receiving three-
monthly testing to those receiving annual testing, using data from clinical laboratories, and
determined that three-monthly testing was associated with a reduction in HbA1c (by 3.8%)
versus annual testing that increased HbAlc (by 1.5%) (73). A study in India spanning the years
2003 to 2012, compared six-monthly testing to annual testing, and found that those with irregular
follow-up patterns had twice the glycaemic burden, as well as twice the risk for developing
retinopathy and nephropathy (71). A further study in the USA determined that testing at an
interval of two to three months was optimal to achieve a maximal downward change in HbAlc;

whereas, testing at any time over six months, resulted in upward changes in HbAlc (72).

Our study suggests, that despite the policies being in place for care standards at Primary and
hospital levels of health care, the recommended policy is not being implemented. This may be
partially explained by the time period of this study, during a time when CMMD changed their
activities due to COVID-19. However, the similar results found in Tshwane pre-COVID (2019)
suggest other factors may be at play. Clinical inertia has been suggested as a factor in the poor
management and outcomes of T2DM patients (54). Additionally, a lack of clinician awareness of
the guidelines may be a factor. A previous audit at Tshwane PHCs, by Webb et. al. in 2019,
found that the SEMDSA guidelines were not known to any of the clinics audited (74). And the
NDoH guidelines on diabetes care were not available in two-thirds of the clinics (74). Resource
allocation for diabetes care, in South Africa, has been somewhat neglected, in light of the
communicable disease burden (54,74), thus resulting in a healthcare system, that is ill-equipped

for chronic disease management.

Dual-therapy is associated with increased risk for sub-optimal control

Additionally, we found that patients receiving dual-therapy were at increased risk for developing
sub-optimal control. Our bivariable analysis revealed that patients who required dual-therapy to
manage their conditions, had 2.7 (p =0.000) and 2.4 (p =0.000) times the odds of sub-optimal
glycaemic control, at baseline and follow-up respectively, compared to those who only used one
oral medication. These findings concur with results obtained in a study on the determinants of
glycaemic control for PLWT2DM in Lebanon where those using dual-therapy compared to
monotherapy had twice the odds of being uncontrolled (OR: 2.35, 95% CI: 1.58—-3.50) (75).
Similarly, our survival analysis estimated an adjusted hazard for those using dual-therapy as 50
times higher than the hazard among those using monotherapy (p =0.002). This result could be
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attributed to dual-therapy being used only for patients who failed to attain optimal glycaemic
control with metformin alone. As such, this group may reflect individuals with higher rates of
past failures or vulnerabilities to achieving glycaemic control, before they obtained a stable
status for CCMDD enrolment. While associations between sub-optimal control and insulin use,
when compared to oral hypoglycaemic medication use, are well documented (75-77), we could

not address this in our analyses, as the CCMDD does not dispense insulin.

Attending PHC facilities is associated with increased risk for sub-optimal control

Moreover, we found that while the type of facility the patient attended, was not significantly
associated to developing sub-optimal control at baseline, the combined effect over time was that
of a decreasing hazard, for those attending hospitals. The GP-based HbAlc laboratory data
study, had a similar finding. They found that those attending hospitals had a higher likelihood of

achieving good control compared to those attending PHC facilities (68).

This observed effect could be linked to overburdened workloads and under-resourcing at PHC
facilities. Currently, HIV and TB cases are mostly managed at PHC level, placing a large burden
on these facilities (78,79). Further stress has been placed on the health system, by the rising NCD
disease burden. Integrated Chronic Disease Management was initiated by the NDoH, to create a
single, integrated, person-centered approach to health care management at PHC level (78,79).
Thus avoiding managing patients in disjointed vertical silos for a single disease at a time; but
rather allowing for integrated diagonal management for multimorbidity (78,79). However,
studies suggest that there are a lack of resources (medication, blood tests, NCD-trained health
practitioners, and central electronic health records), infrastructure (clinics have outgrown their
intended case-loads), and a willingness for healthcare providers to adapt, presently, to support
integrated NCD management at PHC level (42,78,80). Thus resulting in under-treatment and

poor outcomes for those with NCDs, such as diabetes, at PHC level (78).

Other factors associated with sub-optimal control

In our bivariable analysis increasing age and having hypertension comorbidity or multimorbidity
(HIV and HPT) was protectively associated with sub-optimal glycaemic control. This may be
due to those with other health conditions, or with ailing health associated with aging (i.e. falls,
dementia, depression, urinary tract infections or incontinence), having more opportunistic

clinical encounters, where they may receive advice on managing their T2DM (81). Other study’s
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looking at factors associated to glycaemic control, have found increasing age to be a protective
factor for sub-optimal control (76,77). Survival bias may play a role, in that those who have
survived to the age of 80 years, with a diagnosis of T2DM, may be more proficient at self-care
and self-management. However, neither factor was significantly associated with developing sub-

optimal control in our survival sub-analysis.

We found no significant association between T2DM-related complications (i.e. neuropathy or
nephropathy), and sub-optimal glycaemic control. Which is in contrast to findings from a study
conducted in Lebanon, where neuropathy was highly associated with sub-optimal glycaemic
control (OR:2.08, 95% CI 1.11-3.90) (75). In our bivariable analysis, we found that being female
increased the odds of having sub-optimal control at baseline (OR:1.22; 95% CI: 1.017— 1.466; p
=0.032). This finding agrees with a GP-based HbAlc laboratory data study, that found males to
have a higher likelihood of achieving good control (aHR: 1.16; 95% CI:1.12—-1.20; p <0.001)
(68). However, there was no longer a significant association at the last HbAlc test in the study
period. Similarly, in our survival analysis, we found no significant association between sex and

sub-optimal control.

An unintended finding was that of decreased hazards for developing sub-optimal control in the
2018 2019 time period. The decrease may be related to the introduction of a sugar-tax on
beverages in South Africa, on the 1% of April 2018 (35,36). A study on daily grams of sugar
consumed, calories consumed, and volume of sugar-sweetened beverages consumed found a
reduction across all fields in the post-implementation period (April 2018 to March 2019), which

correlates to the trend of decreased hazard for sub-optimal control observed in this study (36).

An increased hazard in 2020—-2021 and 20212022, compared to 2019—-2020, correlates to
periods of hard lockdown measures due to COVID-19 in South Africa. During level four and
five lockdowns, peoples’ movements were severely restricted and scheduled chronic care visits
were de-escalated, to allow for the re-allocation of services to those requiring acute COVID-19
related care (82,83). Implementation of CCMDD’s activities also changed during the pandemic,
to reduce risk of COVID-19 exposure in this higher risk group and to minimize close contact
between patients (84). Prescriptions were extended from two to three months for collection, and
clinic visits were extended from six-monthly to annually (84). A systematic review conducted in
2022, which included 11 studies totaling 16 895 participants, which found that HbA1lc levels

significantly increased by 0.34% (95% CI: 0.30% —0.38%) when comparing values for those in
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COVID-19 lockdown to a the same groups’ values pre-COVID (85). However, in this study,
those tested during the COVID-19 level 4-5 lockdown periods had similar HbAlc testing
intervals and similar test result values, as those tested in level 0-3 lockdown periods.

5.2.4 Using existing data to establish T2DM-realted baselines and data registries

Finally, in a broader sense, this study shows that we can use available secondary retrospective
data within the CDW, to assess the current deficit in the cascade of care, and establish baselines
for the NDoH and Provinces to assess their path towards the 2030 NSP targets. As there is no
reliable, central data repository for T2DM in South Africa, linking CCMDD data to laboratory

test data, to allow for monitoring and evaluation, of enrolled patients glycaemic status.

Based on our study, the CCMDD can be encouraged to adopt an approach in line with the
Western Cape’s medication dispensing programme. It grew to include data sources from tertiary
and primary level facilities for clinical data, pharmacological data, laboratory diagnostic data,
and mobile health data, to establish the Western Cape Provincial Health Data Centre (WCPHDC)
in 2015 (86). They developed a unique identifier to link individual-level patient data from the
various data sources using probabilistic scoring based on identification documents or hospital file
numbers, and is supplemented by fuzzier comparators (86). This consolidated, patient-level data
has allowed for improved patient care in terms of tracking patient encounters through the health
system, understanding comorbidities, retention in care, control status, and patient outcomes as
well as providing an opportunity for follow-up and action through alerts (86). The WCPHDC has
previously suggested that, pending national unique identifiers for linkage, this model could be

generalized nationally, as data sources or comparable alternatives are available (86).
5.2.5 Limitations

The initial study period, from the CCMDD’s establishment (2014) to 2021, was not possible.

This was due to data inaccessibility prior to 2018, when CCMDD changed service-providers.

Furthermore, there is a paucity of estimates for the proportion of PLWT2DM, receiving

treatment, in eThekwini. Based on SANHANES-1 (2011-2012) data, it was estimated that 94%

of South Africans who received a T2DM diagnosis, were being treated with either oral

hypoglycemic medication or with insulin (48). However, the CCMDD does not enroll

PLWT2DM who use insulin, and as such, this portion of the population, who likely have more
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progressive disease, are not represented in this study. Without available estimates for eThekwini,
we are not aware, of what proportion of PLWT2DM, the CCMDD-enrolled patients represent.
Additionally, there were limited HbAlc test results available, thus hampering generalizability to
the entire CCMDD population in eThekwini. As such, these results must be interpreted with

caution.

Factors known to be associated with sub-optimal glycaemic control were not available in either
data set. As such, factors such as, race, other co-morbid conditions (such as TB), obesity
measures (i.e. weight, height, BMI), lifestyle factors (i.e. smoking, alcohol use, diet, physical
activity indices), clinical measures (i.e. BP, cardiac or kidney function markers), genetic factors,
socio-economic factors (i.e. income level, education level and health literacy level), self-efficacy,
medication compliance, and duration of diabetes were not able to be included.

Despite these limitations, our study’s strengths were using data from 13 hospitals and 107 PHC
facilities in eThekwini, thus suggesting a good representation of the general CCMDD-enrolled
population in eThekwini. Furthermore, this was also the first study of CCMDD-enrolled patients
in eThekwini. Lastly, despite the CCMDD being a large public health programme, this was the
first time CCMDD-enrolled patients were linked to their clinical HbA1c results, to monitor and

evaluate glycaemic control over time.
5.3 RECOMMENDATIONS

5.3.1 Recommendations for the low number of HbAlc and LDL tests available

The low number of HbAlc and LDL test available for this cohort, as well as the long periods
between HbALc tests, sparks further questions. We suggest patient file audits for a sample of
patients from this cohort, to confirm that the HbAlc and LDL tests matched from the NHLS were
accurate, and to uncover any underlying issues with data quality or data linkage. Qualitative
interviews with DoH stakeholders at eThekwini district or KZN Provincial level, may provide
further understanding of any budgetary constraints or other barriers that may have limited more
frequent HbAlc and LDL testing. Interviews at facility-level are recommended to discover if a
mismatch in facility HbAlc and LDL testing protocols, compared to NDoH and SEMDSA
recommendations exists, or if point-of-care devices or other glycaemic control tests, such as FPG

are being favored over HbA1c laboratory testing. Furthermore, for future studies, we recommend
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more advanced probabilistic matching for NHLS data, to ensure no cases are being missed at that
level. We also recommend requesting total cholesterol values for future studies, to understand the
low number of LDL-cholesterol tests. However, SEMDSA care guidelines recommend a fasting
lipogram, which includes a LDL-cholesterol test, annually for PLWDM (3-monthly if in T2DM
cases of lipid abnormality) as it important for assessing risk for CVD (4). The cost of a direct
LDL-cholesterol test is 25% of a full lipogram test (87).

5.3.2 Recommendations for the below-target proportions achieving optimal control

As 73% of CCMDD-enrolled patients are sub-optimally controlled at the HbA1lc reading closest
to their enrolment, we recommend that the CCMDD review their enrolment criteria. We
recommend using two consecutive HbA1c test values (<7%) to assess CCMDD enrolment
eligibility, rather than the two consecutive FPG test values currently being used. This is in

agreement with previous recommendations from Ngassa Piotie et. al. (1).

Additionally, as 72% of CCMDD-enrolled patients were sub-optimally controlled at their last
recorded HbA1c test in the study period, we recommend that the CCMDD develop an exit
protocol, for those that become sub-optimally controlled. Thus, a source of regular feedback on
HbAlc glycaemic control status, should be incorporated into the CCMDD programme. This is
critical in the context of diabetes, which is a progressive disease by nature. As the disease
progresses, medication management (i.e. adding insulin to the regime) and the
prevention/management of T2DM-related comorbidities must be escalated accordingly. If there is
no feedback of glycaemic control status to the programme, clinical and patient inertia may well
be compounded. We recommend individual-level data linkage, to NHLS test results, in line with
the WCPHDC (86). Alerts from laboratory sources, when patients change status from optimal to
sub-optimal, is an essential feedback mechanism that needs to be put in place within the CCMDD
programme, to ensure the correct enrolment definition of stable patients is adhered to at

enrolment, but also, critically, that the patient is eligible to continue being enrolled.

Alternatively, the use of point of care HbAlc devices and mHealth applications by CHWSs in
home, PuP, or counseling group environments, to screen these patients, at community-level,
according to the SEMDSA testing interval guidelines is recommended. These results would then

enable the CCMDD to monitor glycaemic control for those enrolled. Technological innovations
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and mHealth (mobile phone health) have been promoted by WHO (88) and have assisted
community health workers (CHWSs) to help people manage their NCDs at monthly home visits.

An example of this comes from rural Guatemala, where the use of a smart phone application, was
used as a tool to provide algorithmic decision support for clinical decision-making, to assist
CHWs in the monthly management of their patients’ diabetes, thus alleviating the burden of
clinic-based healthcare workers through task sharing (89). In South Africa, CHWSs have been
used over the past several years, in maternal and child health; as well as, in communicable
diseases e.g., HIV, tuberculosis, and in malaria; to provide an extension of care at community-
level, in response to the human resource crisis (41). As such, we are ideally placed to extend their
training, skill sets, and scope of practice to encompass diabetes and other NCD monitoring and
management (41). This would involve updating the CHW curriculum to include HbA1c point of
care testing (90). This approach would align well to the NDoH’s Integrated Chronic Disease
Management model (79). The South African demonstration site for the HealthRise project, (2017
—2018) in seven PHCs from the KZN sub-districts of Msunduzi, uMshwathi, and Mkhambathini,
demonstrated the role CHWSs play in bridging considerable gaps in screening, linking patients to

care and in educating patients on self-management (91).

Otherwise, self-management in this cohort must be emphasized, if glycaemic control is only
being monitored annually, at clinic-level. Health literacy, socioeconomic status (70), and self-
efficacy (57) have been previously described in the literature as factors affecting adherence to
diabetes care guidelines and self-care. In South African, glucose test strips, required to self-
monitor random glucose levels for home-based self-care, are not included in the EML and thus
are not available for free through public health care facilities (16,54,74). Thus, to improve self-
care for PLWT2DM, in the South African context of socioeconomic inequalities and
socioeconomic challenges, the EML would need to be amended, to include the provision of state-
funded glucose test strips and units. Data from large-scale studies such as the GUIDANCE study
in Europe, revealed that participants who were accurately aware of their glycaemic status, have
significantly lower HbAlc readings (92). As such, if the EML was extended to include glucose
monitoring strips for PLWT2DM, we may also observe greater proportions of sustained optimal

control, among those receiving oral hypoglycaemic medication through the CCMDD.

In addition to self-monitoring, continuous patient education and support, potentially through

mobile applications, can assist in empowering PLWT2DM to self-manage and control their
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conditions. A study in the WC, by Mash et. al. between 2019 and 2022, found that implementing
the GREAT4Diabetes WhatsApp Chatbot during COVID-19, when in-clinic education and
counseling for T2DM ceased, resulted in good uptake (51% listening to all messaging), and self-
reported improvements in self-management (71%), diet (76%), physical activity (54%) and in
their confidence-levels about their diabetes self-care (88%) (93). It may be worth investigating if
developing such an application, within the CCMDD, may assist in improved proportions
maintaining a stable T2DM condition, to offset less frequent encounters at clinics, by virtue of
being enrolled in such a programme. Thus, maximizing medication accessibility as well as
improving clinical outcomes and self-care. It has also been suggested, previously, that screening
for self-efficacy, as an additional CCMDD enrolment criteria, may improve proportions that
remain optimally controlled over time, by ensuring that those enrolled can self-manage their
conditions (57).

A detailed cost-benefit analysis, for each approach (i.e. person-level data linkage, using mHealth
and CHW, or promoting self-care), against the potential cost of managing T2DM-related
complications, associated with 74% of this cohort being sub-optimally controlled, is advisable.
While training and development of mHealth applications will require a set-up and maintenance
fee, ultimately, the cost of treating T2DM-related complications due to sub-optimal control, may
be far costlier. In India, a basic cost assessment was performed and estimated that the cost of
increasing encounter frequency, would be offset by the saving as a result of reduced T2DM-
related complication management (71). Basu et al (2021) created a microsimulation, where LMIC
achieved targets of 80-80-80 for diabetes; meaning 80% of patients with diabetes diagnosed, 80%
of those diagnosed on treatment, and 80% of those on treatment achieving recommended
glycaemic targets; and deduced that the resulting reduction in cardiovascular events, would offset
the increased cost of treatment, resulting in $1 362 cost-per-disability-adjusted life year (DALY)
averted (49). A study from cascades of care from Poltava in Ukraine in 2020 also estimated that
if 1% more patients achieved sustained optimal glycaemic control, there would be a reduction in
patient monitoring costs of $10 373, annually (94). This amount would cover the cost of

adherence counseling for half of their patient load (94).

As this is the second study, within different sub-districts (57), indicating high proportions of sub-
optimal control among CCMDD-enrolled patients, we recommend further studies in other
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districts, and at provincial and nationals level to confirm these findings, and to allow for a larger

sample sizes.

5.3.3 Recommendations for sub-groups at increased risk for developing sub-optimal
control

We recommend facility-based audits and further qualitative studies to establish if facility-specific
barriers to care exist, for HbAlc testing, in eThekwini. Resource allocation for further training
for clinicians on the SEMDSA and NDoH guidelines for care for PLWT2DM with emphasis on
the critical nature of achieving a stable, optimal glycaemic condition for this population, is

essential, to improve compliance to the HbAlc and LDL testing frequency guidelines.

Additionally, as resources for T2DM are constrained, we recommend more feasible solutions to
increase the frequency of clinical encounters and HbALlc testing. These include pivoting the role
of existing CHW, using mHealth technologies, as elaborated in 5.3.2 above. Group education
and counseling is another solution. Allerton and Mash, found a 1.1% decrease in mean HbAlc
among sub-optimally controlled PLWT2DM attending Khayelitsha Community Health Centre,
concluding that the main mechanism leading to the decrease lay within the introduction of group
diabetes education (however they also received monthly encounters with doctors and increased
HbA1c testing frequency) (95).

Furthermore, our results suggest that those prescribed dual-therapy may require closer monitoring
within the programme, or may benefit from more frequent clinical encounters. CCMDD
protocols could be reviewed for this patient sub-group. Self-efficacy questionnaires as an

additional CCMDD enrolment criterion is recommended.
5.3.4 Additional recommendations

For future studies, additional monitoring tests could be requested from the NHLS CDW, to
assess T2DM-related complications such as kidney-disease markers or markers for cardiac
disease. We also suggest that the National Cancer Registry (NCR)’s method of hot-deck
imputation, be used in future studies, to assist in determining the impact of race on sub-optimal
control (68). This method correlates individuals with unknown race to a reference database of
surnames, for which race is known, providing reasonable accuracy for those with missing race
data (96).
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5.4 CONCLUSION
In conclusion, of the adult T2DM CCMDD-enrolled patients, in eThekwini, between 2018 and

June 2021, who were collecting chronic medication from community PuPs, 27% and 28%, were
optimally controlled for their T2DM at enrolment and at the last HbAlc reading, respectively.
We demonstrated that existing secondary data, housed in the NHLS CDW can provide baseline
data, to assess gaps in the diabetes care cascade at district-level; and could be replicated in other
districts, or at provincial, or nationally levels. Our findings, and future findings, can assist the
NDoH to monitor their progress towards the NSP target, of 50% on treatment achieving
glycaemic control, by 2030. Additionally, our study provides good supporting evidence for
increased HbA1c testing frequency in this cohort, and the need for feedback of these values to
the CCMDD. It also provides evidence, for additional care to be taken when enrolling patients on
dual-therapy, who may be more vulnerable to developing sub-optimal control, such as perhaps,
incorporating a self-efficacy score as an additional criterion for enrolment. This knowledge can

assist in the successful implementation and further development of the CCMDD.

73



REFERENCES

1.

International Diabetes Federation. IDF Diabetes Atlas, 10th edn. Diabetes Res Clin Pr.
2021 [cited 2023 Dec 15]; Available from: https://www.diabetesatlas.org.
doi:10.1016/j.diabres.2013.10.013.

Bonora E, Tuomilehto J. The pros and cons of diagnosing diabetes with A1C. Diabetes
Care. 2011 [cited 2022 Feb 14];34((Suppl 2)):S184-90. Available from:
https://care.diabetesjournals.org/content/diacare/34/Supplement_2/S184.full.pdf.
d0i:10.2337/dc11-s216.

World Health Organization Department of Noncommunicable Disease Surveillance.
Definition, Diagnosis and Classification of Diabetes Mellitus and its Complications: report
of a WHO consultation. Part 1, Diagnosis and classification of diabetes mellitus. 1999
[cited 2022 Oct 5]; Available from:
https://apps.who.int/iris/bitstream/handle/10665/66040/WHO_NCD_NCS_99.2.pdf?seque
nce=1&isAllowed=y.

The Society for Endocrinology Metabolism and Diabetes of South Africa Type 2 Diabetes
Guideline Expert Committee. The 2017 SEMDSA Guideline for the Management of Type
2 Diabetes Guideline Committee. Vol. 22, JEMDSA. 2017 [cited 2022 Oct 5]. Available
from: http://www.jemdsa.co.za/index.php/JEMDSA/issue/view/42.
d0i:10.1080/16089677.2015.1056468.

World Health Organization. Global report on diabetes. 2016 [cited 2022 Oct 10];
Available from: https://apps.who.int/iris/handle/10665/204871.

International Diabetes Federation. IDF Diabetes Atlas, 9th edn. Int Diabetes Fed. 2019
[cited 2022 Oct 10]; Available from:
https://diabetesatlas.org/upload/resources/material/20200302_133351_IDFATLASe-
final-web.pdf. doi:10.1016/S0140-6736(55)92135-8.

South Africa. Statistics South Africa. Mortality and causes of death in South Africa, 2018:
Findings from death notification. Stat release P03093. 2018 [cited 2022 Apr 9]; Available
from: https://www.statssa.gov.za/publications/P03093/P030932018.pdf.

Mayosi BM, Flisher AJ, Lalloo UG, Sitas F, Tollman SM, Bradshaw D. The burden of
non-communicable diseases in South Africa. Lancet. 2009 [cited 2021 Aug
9];374(9693):934-47. Available from: http://dx.doi.org/10.1016/S0140-6736(09)61087-4.

74



10.

11.

12.

13.

14.

15.

16.

d0i:10.1016/S0140-6736(09)61087-4.

Peer N, Kengne A, Motala A, Mbanya J. Diabetes in the Africa Region: an update.
Diabetes Res Clin Pr. 2014 [cited 2022 May 29];103(2):197-205. Available from:
http://dx.doi.org/10.1016/j.diabres.2013.11.006. doi:10.1016/j.diabres.2013.11.006.

Sahadew N, Singaram VS. A diabetes profile of the eight districts in the public health
sector, Eastern Cape Province, South Africa. S Afr Med J. 2019 [cited 2022 May
29];109(12):957-62. Available from: https://pubmed.ncbi.nlm.nih.gov/31865959/.
d0i:10.7196/SAMJ.2019.v109i12.13972.

Pheiffer C, Pillay-Van Wyk V, Turawa E, Levitt N, Kengne AP, Bradshaw D. Prevalence
of Type 2 Diabetes in South Africa: A Systematic Review and Meta-Analysis. Int J
Environ Res Public Heal. 2021 [cited 2022 Oct 10];18(11):5868. Available from:
https://doi.org/10.3390/ijerph18115868. doi:10.3390/ijerph18115868.

Prakaschandra D, Esterhuizen T, Motala A, Gathiram P, Naidoo D. High prevalence of
cardiovascular risk factors in Durban South African Indians: The Phoenix Lifestyle
Project. S Afr Med J. 2016 [cited 2021 May 19];106(3):284-9. Available from:
http://www.scielo.org.za/scielo.php?script=sci_arttext&pid=S0256-95742016000300023.
doi:10.7196/SAMJ.2016.v106i3.9837.

Restrepo Bl. Diabetes and tuberculosis. Microbiol Spectr. 2016 [cited 2022 Jan
15];4(6):1-19. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5240796/.
doi:10.1128/microbiolspec. TNMI17-0023-2016.

Umar DM, Naidoo P. Prevalence and predictors of diabetes mellitus among persons living
with HIV: a retrospective cohort study conducted in 4 public healthcare facilities in
KwaZulu-Natal. BMC Public Health. 2021 [cited 2021 May 5];21(1):288. Available from:
https://omcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-10318-6.
d0i:10.1186/s12889-021-10318-6.

Pillay S. Hypertension and diabetes mellitus: a collision of two heavyweight non-
communicable diseases. JEMDSA. 2021 [cited 2022 Oct 10];0(0):1-13. Available from:
https://doi.org/10.1080/16089677.2021.2002585. doi:10.1080/16089677.2021.2002585.
South Africa. Department of Health. Essential Drugs Programme. Primary Healthcare
Standard Treatment Guideline and Essential Medicine List. 7th ed. 2020 [cited 2022 Feb
24]; Available from: http://www.kznhealth.gov.za/pharmacy/PHC-STG-2020.pdf.

75



17.

18.

19.

20.

21.

22.

23.

South Africa. Department of Health. Essential Drugs Programme. Hospital level (Adults)
Standard Treatment Guidelines and Essential Medicines List. 5th ed. 2019 [cited 2022 Oct
10]; Available from: https://www.sapc.za.org/Media/Default/Documents/STG hospital
level adult 2019 v2.0.pdf.

Erzse A, Stacey N, Chola L, Tugendhaft A, Freeman M, Hofman K. The direct medical
cost of type 2 diabetes mellitus in South Africa: a cost of illness study. Glob Health
Action. 2019 [cited 2021 Jul 9];12(1):1636611. Available from:
https://doi.org/10.1080/16549716.2019.1636611. doi:10.1080/16549716.2019.1636611.

Stratton IM, Adler Al, Neil AW, Matthews DR, Manley SE, Cull CA, et al. Association of
glycaemia with macrovascular and microvascular complications of type 2 diabetes
(UKPDS 35): prospective observational study. BMJ. 2000 [cited 2021 Nov
3];321(7258):405-12. Available from: https://pubmed.ncbi.nlm.nih.gov/10938048/.
d0i:10.1136/bmj.321.7258.405.

Goff DC, Gerstein HC, Ginsberg HN, Cushman WC, Margolis KL, Byington RP, et al.
Prevention of Cardiovascular Disease in Persons with Type 2 Diabetes Mellitus: Current
Knowledge and Rationale for the Action to Control Cardiovascular Risk in Diabetes
(ACCORD) Trial. Am J Cardiol. 2007 Jun 18 [cited 2021 Jul 29];99(12):S4-20. Available
from: https://www.ajconline.org/article/S0002-9149(07)00437-7/fulltext.
d0i:10.1016/J.AMJCARD.2007.03.002.

Rajpal A, Rahimi L, Ismail-Beigi F. Factors leading to high morbidity and mortality of
COVID-19 in patients with type 2 diabetes. J Diabetes. 2020 [cited 2022 Oct
5];12(12):895-908. Available from: https://pubmed.ncbi.nlm.nih.gov/32671936/.
doi:10.1111/1753-0407.13085.

Bode B, Garrett VV, Messler J, Mcfarland R, Crowe J, Booth R, et al. Glycemic
Characteristics and Clinical Outcomes of COVID-19 Patients Hospitalized in the United
States. J Diabetes Sci Technol. 2020 [cited 2022 Oct 5];14(4):813-21. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7673150/.
doi:10.1177/1932296820924469.

Jassat W, Cohen PC, Tempia S, Masha M, Goldstein S, Kufa T, et al. Risk factors for
COVID-19-related in-hospital mortality in a high HIV and tuberculosis prevalence setting
in South Africa: a cohort study. Lancet HIV. 2021 [cited 2023 Jul 14];8(9):e554-67.

Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8336996/pdf/main.pdf.
76



24.

25.

26.

217.

28.

29.

30.

31.

doi:10.1016/ S2352-3018(21)00151-X.

Ndinda C, Hongoro C. Analysis of non-communicable disease prevention policies in
Africa (ANPPA)- a case study of South Africa. A technical research report developed for
the African Population & Health Research Centre (APHRC). African Popul Heal Res
Cent. 2017 [cited 2023 Jul 2]; Available from: https://idl-bnc-
idrc.dspacedirect.org/bitstream/handle/10625/57552/IDL-
57552.pdf?sequence=2&isAllowed=y.

United Nations Secretary-General. Prevention and control of non-communicable diseases:
report of the Secretary-General. Sixty-sixth Sess Follow to outcome Millenn Summit.
2011 [cited 2022 Oct 10];A/66/83(19 May). Available from:
https://www.paho.org/hg/dmdocuments/2011/UNSG-Report-NCD.pdf.

World Health Organization. Tackling NCDs: “best buys” and other recommended
interventions for the prevention and control of noncommunicable diseases. 2017 [cited
2022 Oct 10];(WHO/NMH/NV1/17.9). Available from:
https://apps.who.int/iris/handle/10665/259232.

World Health Organization. 2008-2013 action plan for the global strategy for the
prevention and control of noncommunicable diseases: prevent and control cardiovascular
diseases, cancers, chronic respiratory diseases and diabetes. 2009 [cited 2022 Oct 10];
Available from: https://apps.who.int/iris/handle/10665/44009.

World Health Organization. The Global Diabetes Compact: what you need to know. [cited
2023 May 1]; Available from: https://www.who.int/publications/m/item/the-global-

diabetes-compact.

World Health Organization. First-ever global coverage targets for diabetes adopted at the
75th World Health Assembly. WHO Newsroom. [cited 2022 Jun 1]. Available from:
https://www.who.int/news-room/feature-stories/detail/first-ever-global-coverage-targets-

for-diabetes-adopted-at-the-75-th-world-health-assembly.

World Health Organization. More ways, to save more lives, for less money: World Health
Assembly adopts more Best Buys to tackle noncommunicable diseases. WHO Newsroom.
2023 [cited 2023 Jul 19]. Available from: https://www.who.int/news/item/26-05-2023-
more-ways--to-save-more-lives--for-less-money----world-health-assembly-adopts-more-

best-buys--to-tackle-noncommunicable-diseases.

Bradshaw D, Steyn K, Levitt N, Nojilana B. Non-Communicable Diseases— A race against
77



32.

33.

34.

35.

36.

37.

38.

39.

time (Policy brief). 2011. Available from:
http://lwww.mrc.ac.za/policybriefs/raceagainst.pdf.

Werfalli M, Murphy K, Kalula S, Levitt N. Current policies and practices for the provision
of diabetes care and self-management support programmes for older South Africans. Afr J
Prim Heal Care Fam Med. 2019 [cited 2022 Oct 9];11(1):1-12. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6739530/pdf/PHCFM-11-2053.pdf.
doi:10.4102/phcfm.v11i1.2053.

South Africa. State President’s Office. The Tobacco Products Control Act, 1993 (Act No.
83 of 1993). Govenment Gazette No. 14916. 1994. Available from:
https://www.gov.za/sites/default/files/gcis_document/201409/act830f1993.pdf.

Van Walbeek C. The Economics of Tobacco Control in South Africa. [PhD thesis]. 2004
[cited 2023 Mar 1]; Available from: https://untobaccocontrol.org/taxation/e-library/wp-
content/uploads/2020/05/vanWalbeekPhDthesis.pdf.

Hofman KJ, Stacey N, Popkin BM, Ng SW, Swart EC. South Africa’s Health Promotion
Levy: Excise tax findings and equity potential. Obes Rev. 2022 [cited 2022 Jun
14];22(9):e13301. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8349837/. doi:10.1111/0obr.13301.

Stacey N, Edoka I, Hofman K, Swart EC, Popkin B, Ng SW. Changes in beverage
purchases following the announcement and implementation of South Africa’s Health
Promotion Levy: an observational study. Lancet Planet Heal. 2021 [cited 2023 Jan
3];5:6200-8. Available from: https://www.thelancet.com/journals/lanplh/article/P11S2542-
5196(20)30304-1/fulltext. doi:10.1016/S2542-5196(20)30304-1.

South Africa. Department of Sport and Recreation. Sport and Recreation South Africa:
Strategic Plan for the fiscal years 2012-2016. 2013 [cited 2022 Oct 10]; Available from:
https://www.gov.za/sites/default/files/gcis_document/201409/srsa-strategic-plan-2012-
2016.pdf.

South Africa. Department of Trade and Industry. Liquor Act, 2003 (Act No.59 of 2003).
Government Gazette No. 26294: 539. Available from:
https://www.gov.za/sites/default/files/gcis_document/201409/a59-03.pdf.

South Africa. Department of Health. National Strategic Plan for the Prevention and
Control of Non-Communicable Diseases 2022-2027. 2022 [cited 2023 Dec 15]; Available

from: https://bhekisisa.org/wp-content/uploads/2022/06/NCDs-NSP-SA-2022-2027-1.pdf.
78



40.

41.

42.

43.

44,

45.

46.

South Africa. Department of Health. Integrated Chronic Disease Management Manual.
2014 [cited 2022 Oct 10]; Available from:
https://knowledgehub.health.gov.za/elibrary/integrated-chronic-disease-management-

manual.

Tsolekile LP, Puoane T, Schneider H, Levitt NS, Steyn K. The roles of community health
workers in management of non-communicable diseases in an urban township. Afr J Prm
Heal Care Fam Med. 2014 Nov 21 [cited 2022 May 27];6(1):1-8. Available from:
http://dx.doi.org/10.4102/phcfm.v6i1.693 . doi:10.4102/phcfm.v6il.693.

Mahomed OH, Asmall S, Voce A. Sustainability of the integrated chronic disease
management model at primary care clinics in South Africa. Afr J Prim Heal Care Fam
Med. 2016 [cited 2023 May 12];8(1):a1248. Available from:
https://www.researchgate.net/publication/310460452_Sustainability_of the_integrated_ch
ronic_disease_management_model_at _primary_care_clinics_in_South_Africa.
doi:10.4102/phcfm.v8i1.1248.

Liu L, Christie S, Munsamy M, Roberts P, Pillay M, Shenoi S, et al. Expansion of a
national differentiated service delivery model to support people living with HIV or other
chronic conditions in South Africa: a descriptive analysis. BMC Heal Serv Res. 2021
[cited 2022 Oct 5];21(1):549. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8127180. doi:10.1186/s12913-021-
06450-z.

Meyer JC, Schellack N, Stokes J, Lancaster R, Zeeman H, Defty D, et al. Ongoing
Initiatives to Improve the Quality and Efficiency of Medicine Use within the Public
Healthcare System in South Africa; A Preliminary Study. Front Pharmacol. 2017 [cited
2022 Feb 24];8:751. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5677783/. doi:10.3389/fphar.2017.00751.
Maharaj L. Assessment of factors affecting Healthcare workers involved in the Centralised
Chronic Medicines Dispensing and Distribution (CCMDD ) programme: The case of
eThekwini Metropolitan Health district, South Africa. [master’s thesis]. University of
KwaZulu-Natal; 2018 [cited 2022 Apr 7]. Available from:
https://researchspace.ukzn.ac.za/bitstream/handle/10413/17809/Maharaj_Lerisha_2018.pdf

?sequence=1&isAllowed=y.

Hart J. Rule of halves: implications of increasing diagnosis and reducing dropout for future
79



47.

48.

49.

50.

51.

52.

workload and prescribing costs in primary care. Br J Gen Pr. 1992 [cited 2022 Apr
7];42(356):116-9. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1371996/.

Napier AD, Nolan JJ, Bagger M, Hesseldal L, Volkmann AM. Study protocol for the
Cities Changing Diabetes programme: a global mixed-methods approach. BMJ Open.
2017 Nov 8 [cited 2022 May 29];7(11):e015240. Available from:
https://bmjopen.bmj.com/lookup/doi/10.1136/bmjopen-2016-015240.
doi:10.1136/bmjopen-2016-015240.

Stokes A, Berry KM, Mchiza Z, Parker WA, Labadarios D, Chola L, et al. Prevalence and
unmet need for diabetes care across the care continuum in a national sample of South
African adults: Evidence from the SANHANES-1, 2011-2012. PLoS One. 2017 [cited
2022 Oct 5];12(10):2011-2. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5624573/.
doi:10.1371/journal.pone.0184264.

Basu S, Flood D, Geldsetzer P, Theilmann M, Marcus ME, Ebert C, et al. Estimated effect
of increased diagnosis, treatment, and control of diabetes and its associated cardiovascular
risk factors among low-income and middle-income countries: a microsimulation model.
Lancet Glob Heal. 2021 [cited 2022 May 30];9(11):E1539-52. Available from:
https://www.thelancet.com/journals/langlo/article/P11S2214-109X(21)00340-5/fulltext.
d0i:10.1016/S2214-109X(21)00340-5.

Holm AL, Andersen GS, Jargensen ME, Diderichsen F. Is the rule of halves framework
relevant for diabetes care in Copenhagen today? A register-based cross-sectional study.
BMJ Open. 2018 [cited 2022 May 29];8(11):e023211. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6252698/. doi:10.1136/bmjopen-2018-
023211.

Kazemian P, Shebl FM, McCann N, Walensky RP, Wexler DJ. Evaluation of the Cascade
of Diabetes Care in the United States, 2005-2016. JAMA Intern Med. 2019 [cited 2022
May 30];179(10):1376-85. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6692836/.
doi:10.1001/jamainternmed.2019.2396.

Erasmus RT, Blanco B, Okesina AB, Ggweta Z, Matsha T. Assessment of glycaemic

control in stable type 2 black South African diabetics attending a peri-urban clinic. Postgr
80



53.

54.

55.

56.

57.

58.

59.

Med J. 1999 [cited 2022 May 30];75(888):603-6. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1741374/. doi:10.1136/pgm;j.75.888.603.

Klisiewicz AM, Raal F. Sub-Optimal Management of Type 2 Diabetes Mellitus—A Local
Audit. J Endocrinol Metab Diabetes South Africa. 2009 [cited 2022 May 30];14(1):13-6.
Available from:
https://www.tandfonline.com/doi/epdf/10.1080/22201009.2009.10872186?need Access=tru
e&role=button. doi:10.1080/22201009.2009.10872186.

Govender RD, Gathiram P, Panajatovic M. Poor control and management of type 2
diabetes mellitus at an under-resourced south african hospital: Is it a case of clinical
inertia? South African Fam Pract. 2017 [cited 2022 May 30];59(5):154-9. Available from:
http://doi.org/10.1080/20786190.2017.1307909. doi:10.1080/20786190.2017.13079009.

Bulbulia S, Variava F, Bayat Z. Are type 2 diabetic patients meeting targets? A Helen
Joseph Hospital Diabetic Clinic Audit. J Endocrinol Metab Diabetes South Africa. 2020
[cited 2022 May 30];25(1):12—7. Available from:
https://www.tandfonline.com/doi/full/10.1080/16089677.2019.1692471.
d0i:10.1080/16089677.2019.1692471.

Webb EM, Rheeder P, Van Zyl DG. Diabetes care and complications in primary care in
the Tshwane district of South Africa. Prim Care Diabetes. 2015 [cited 2022 Feb
6];9(2):147-54. Available from:
https://www.sciencedirect.com/science/article/abs/pii/S1751991814000540?via%3Dihub.
doi:10.1016/j.pcd.2014.05.002.

Ngassa Piotie P, Webb EM, Rheeder P. Suboptimal control for patients with type 2
diabetes in the Central Chronic Medicine Dispensing programme in South Africa. AfrJ
Prim Heal Care Fam Med. 2021 [cited 2021 Nov 12];13(1):e1-e7. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8063568/. doi:10.4102/phcfm.v13i1.2648.
Pinchevsky Y, Butkow N, Chirwa T, Raal F. Treatment Gaps Found in the Management of
Type 2 Diabetes at a Community Health Centre in Johannesburg, South Africa. J Diabetes
Res. 2017 [cited 2022 May 30];2017:9536025. Available from:
https://doi.org/10.1155/2017/9536025. doi:10.1155/2017/9536025.

South Africa. Department of cooperative governance & traditional affairs. ET/52 Profile
and Analysis District Development Model: City of eThekwini Metropolitan KZN. 2020

[cited 2022 Oct 10]; Available from: https://www.cogta.gov.za/ddm/wp-
81



60.

61.

62.

63.

64.

65.

66.

67.

68.

content/uploads/2020/07/Metro-Profile_Ethekwini.pdf.

Yes Media. eThekwini Metropolitan Municipality (ETH) [Internet]. Municipalities of
South Africa. 2023 [cited 2023 Jan 23]. Available from:
https://municipalities.co.za/map/5/ethekwini-metropolitan-municipality.

National Health Laboratory Service. About Us [Internet]. Sandringham, Johannesburg.
2023 [cited 2021 Aug 1]. Available from: https://www.nhls.ac.za/about-us/.

Ngassa Piotie P. Tshwane Insulin Programme (TIP) [Internet]. University of Pretoria
Diabetes Research Centre. 2023 [cited 2023 Mar 28]. Available from:
https://www.up.ac.za/diabetes-research-centre/article/3107624/tshwane-insulin-
programme-tip.

Kleinbaum DG, Klein M. Computer Appendix: Survival Analysis on the Computer. In:
Survival Analysis. 3rd edn. Statistics for Biology and Health. New York: Springer; 2012,
d0i:10.1007/978-1-4419-6646-9.

Kleinbaum DG, Klein M. Survival analysis: A Self-Learning Text. Statistics for Biology
and Health. 2nd Edn. Gail M, Krickeberg J, Samet J, Tsiatis A, Wong W, editors. New
York: Springer; 2011. doi:10.1007/978-1-4419-6646-9_1.

University of California Los Angeles (UCLA). Survival analysis with STATA [Internet].
Statistical Consulting Group. 2023 [cited 2022 Jul 13]. Available from:
https://stats.oarc.ucla.edu/stata/seminars/stata-survival/.

Igbojiaku OJ, Harbor OC, Ross A. Compliance with diabetes guidelines at a regional
hospital in KwaZulu-Natal, South Africa. Afr J Prm Heal Care Fam Med. 2013 [cited 2023
Mar 1];5(1):1-5. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4565451/. doi:10.4102/phcfm.v5i1.447.
Boake M, Mash R. Diabetes in the Western Cape, South Africa: A secondary analysis of
the diabetes cascade database 2015 — 2020. Prim Care Diabetes. 2022 [cited 2023 May
12];16(4):555-61. Available from: https://www.primary-care-diabetes.com/article/S1751-
9918(22)00104-8/fulltext. doi:10.1016/j.pcd.2022.05.011.

Kone N, Cassim N, Maposa |, George J. Diabetic control and compliance using glycated
haemoglobin (HbA1C) testing guidelines in public healthcare facilities of Gauteng
province, South Africa. PLoS One. 2023 [cited 2023 Dec 16];18(8):e0278789. Available
from: https://doi.org/10.1371/journal.pone.0278789.

82



69.

70.

71.

72.

73.

74.

75.

Shisana O, Labadarios D, Rehle T, Simbayi L, Zuma K, Dhansay A, et al. South African
National Health and Nutrition Examination Survey (SANHANES-1). 2013 [cited 2023 Oct
10]; Available from: https://hsrc.ac.za/uploads/pageNews/72/SANHANES-launch edition

(online version).pdf.

Imai C, Li L, Hardie A, Georgiou A. Adherence to guideline-recommended HbA1c testing
frequency and better outcomes in patients with type 2 diabetes: a 5-year retrospective
cohort study in Australian general practice. BMJ Qual Saf. 2021 [cited 2023 Jan
15];30:706-14. Available from:
https://qualitysafety.bmj.com/content/qhc/30/9/706.full.pdf. doi:10.1136/bmjqgs-2020-
012026.

Anjana R, Shanthirani C, Unnikrishnan R, Mugilan P, Amutha A, Nair H, et al. Regularity
of follow-up, glycemic burden, and risk of microvascular complications in patients with
type 2 diabetes: a 9-year follow-up study. Acta Diabetol. 2015 [cited 2020 Feb
23];52:601-9. Available from: https://doi.org/10.1007/s00592-014-0701-0.
d0i:10.1007/s00592-014-0701-0.

Morrison F, Shubina M, Turchin A. Encounter frequency and serum glucose level, blood
pressure, and cholesterol level control in patients with diabetes mellitus. Arch Intern Med.
2011 [cited 2023 Jan 15];171(17):1542-50. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3692291/.
doi:10.1001/archinternmed.2011.400.

Driskell OJ, Holland D, Waldron JL, Ford C, Scargill JJ, Heald A, et al. Reduced testing
frequency for glycated hemoglobin, HbAlc, is associated with deteriorating diabetes
control. Diabetes Care. 2014 [cited 2023 Jan 15];37(10):2731-7. Available from:
https://doi.org/10.2337/dc14-0297. doi:10.2337/dc14-0297.

Webb EM, Rheeder P, Wolvaardt JE. The ability of primary healthcare clinics to provide
quality diabetes care: An audit. AfrJ Prim Heal Care Fam Med. 2019 [cited 2021 Nov
23];11(1):a2094. Available from: https://phcfm.org/index.php/phcfm/article/view/2094.
d0i:10.4102/phcfm.v11i1.2094.

Noureddine H, Nakhoul N, Galal A, Soubra L, Saleh M. Level of A1C control and its
predictors among Lebanese type 2 diabetic patients. Ther Adv Endocrinol Metab. 2014
[cited 2023 Jan 22];5(3):43-52. Available from:

https://pubmed.ncbi.nim.nih.gov/25126407. doi:10.1177/2042018814544890.
83



76.

77.

78.

79.

80.

81.

82.

D’Souza M, Venkatesaperumal R, Karkada S, Amirtharaj A. Determinants of
Glycosylated Haemaglobin among Adults with Type 2 Diabetes Mellitus. J Diabetes
Metab. 2013 [cited 2022 Nov 23];4(5). Available from: https://www.iomcworld.com/open-
access/determinants-of-glycosylated-haemaglobin-among-adults-with-type-2-diabetes-
mellitus-2155-6156.1000265.pdf. doi:10.4172/2155-6156.1000265.

Moura A, Antunes M, Martins S, Raposo J. A statistical model to identify determinants of
glycemic control in patients with type 2 diabetes with different pharmacotherapeutic
profiles. PLoS One. 2020 [cited 2022 Nov 23];15(7):e0235376. Available from:
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0235376 &type=print
able. doi:10.1371/journal.pone.0235376.

Bosire EN, Norris SA, Goudge J. Pathways to Care for Patients With Type 2 Diabetes and
HIV/AIDS Comorbidities in Soweto, South Africa: An Ethnographic Study. Glob Heal Sci
Pr. 2021 [cited 2023 May 1];9(1):15-30. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8087426. doi:10.9745/GHSP-D-20-
00104.

Mahomed OH, Asmall S, Freeman M. An integrated chronic disease management model: a
diagonal approach to health system strengthening in South Africa. J Heal Care Poor
Underserved. 2014 [cited 2023 May 12];25(4):1723-9. Available from:
https://muse.jhu.edu/article/561570. doi:10.1353/hpu.2014.0176.

Matima R, Murphy K, Levitt NS, Belue R, Oni T. A qualitative study on the experiences
and perspectives of public sector patients in Cape Town in managing the workload of
demands of HIV and type 2 diabetes multimorbidity. PLoS One. 2018 [cited 2023 May
12];13(3):0194191. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5851623/.
doi:10.1371/journal.pone.0194191.

Corriere M, Rooparinesing N, Kalyani RR. Epidemiology of diabetes and diabetes
complications in the elderly: an emerging public health burden. Curr Diab Rep. 2013 [cited
2023 Jan 22];13(6):805-13. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3856245/pdf/nihms523082.pdf.
d0i:10.1007/s11892-013-0425-5.

South Africa. Department of Health. About alert system. In: About COVID-19 [Internet].

Department of Health’s COVID-19 Online Resource and News Portal. 2020 [cited 2022
84



83.

84.

85.

86.

87.

88.

89.

Sep 2]. Available from: https://www.gov.za/covid-19/about/about-alert-system.

David NJ, Bresick G, Moodaley N, von Pressentin KB. Measuring the impact of
community-based interventions on type 2 diabetes control during the COVID-19 pandemic
in Cape Town- A mixed methods study. S Afr Fam Pr. 2022 [cited 2022 Sep
19];64(1):a5558. Available from: https://pubmed.ncbi.nlm.nih.gov/36073102/.
doi:10.4102/safp.v64i.5558.

Bogart LM, Shazi Z, MacCarthy S, Mendoza-Graf A, Wara NJ, Zionts D, et al.
Implementation of South Africa’s Central Chronic Medicine Dispensing and Distribution
Program for HIV Treatment: A Qualitative Evaluation. AIDS Behav. 2022 [cited 2023
Mar 5];26:2600-12. Available from: https://doi.org/10.1007/s10461-022-03602-y.
d0i:10.1007/s10461-022-03602-y.

0Ojo O, Wang XH, Ojo OO, Orjih E, Pavithran N, Adegboye ARA, et al. The Effects of
COVID-19 The Effects of COVID-19 Lockdown on Glycaemic Control and Lipid Profile
in Patients with Type 2 Diabetes: A Systematic Review and Meta-Analysis. Int J Environ
Res Public Heal. 2022 [cited 2023 Jan 22];19(3):1095. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8834313/. doi:10.3390/ijerph19031095.
Boulle A, Heekes A, Tiffin N, Smith M, Mutemaringa T, Zinyakatira N, et al. Data Centre
Profile: The Provincial Health Data Centre of the Western Cape Province, South Africa.
Int J Popul Data Sci. 2019 [cited 2022 Jul 8];4(2):1143. Available from:
https://ijpds.org/article/view/1143. doi:10.23889/ijpds.v4i2.1143.

Rusch JA, Hudson CL, Marais AD. Laboratory investigations in lipidology. SAMJ. 2018
[cited 2023 Dec 17];108(4):266—70. Available from:
https://www.scielo.org.za/pdf/samj/v108n4/11.pdf.
d0i:10.7196/SAMJ.2018.v108i4.13233.

World Health Organization. WHO guideline: Recommendations on digital interventions
for health system strengthening. 2019 [cited 2022 Oct 10]; Available from:
https://www.who.int/publications/i/item/9789241550505.

Duffy S, Norton D, Kelly M, Chavez A, Tun R, Nifio M, et al. Using Community Health
Workers and a Smartphone Application to Improve Diabetes Control in Rural Guatemala.
Glob Heal Sci Pr. 2020 [cited 2023 Jan 22];8(4):699—-720. Available from:
https://www.ncbi.nlm.nih.gov/pmc/ahttps://www.ncbi.nlm.nih.gov/pmc/articles/PMC7784

066. doi:10.9745/GHSP-D-20-00076.
85



90.

91.

92.

93.

94.

95.

96.

South Africa. National Department of Health. Annexure 2: The Scope of Work for a
Community Health Worker (CHW). 2019;

Madela S, James S, Sewpaul R, Madela S, Reddy P. Early detection, care and control of
hypertension and diabetes in South Africa: A community-based approach. Afr J Prim Heal
Care Fam Med. 2020 [cited 2021 Nov 25];12(1):1-9. Available from:
https://phcfm.org/index.php/phcfm/article/view/2160. doi:10.4102/phcfm.v12i1.2160.
Trivedi H, Gray LJ, Seidu S, Davies MJ, Charpentier G, Lindblad U, et al. Self-knowledge
of HbAlc in people with Type 2 Diabetes Mellitus and its association with glycaemic
control. Prim Care Diabetes. 2017 [cited 2023 Jun 5];11(5):414-20. Available from:
https://www.primary-care-diabetes.com/article/S1751-9918(17)30091-8/fulltext.
d0i:10.1016/j.pcd.2017.03.011.

Mash R, Schouw D, Fischer AE. Evaluating the Implementation of the GREAT4Diabetes
WhatsApp Chatbot to Educate People With Type 2 Diabetes During the COVID-19
Pandemic: Convergent Mixed Methods Study. JMIR Diabetes. 2022 [cited 2023 Jan
20];7(2):e37882. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9236126/. doi:10.2196/37882.

Stuart RM, Khan O, Abeysuriya R, Kryvchun T, Lysak V, Bredikhina A, et al. Diabetes
care cascade in Ukraine: an analysis of breakpoints and opportunities for improved
diabetes outcomes. BMC Heal Serv Res. 2020 [cited 2022 May 30];20(1):409. Available
from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7212677/. doi:10.1186/s12913-020-
05261-y.

Allerton J, Mash R. The impact of intensified clinical care on glycaemic control in patients
with type 2 diabetes at Khayelitsha Community Health Centre, South Africa: Quasi-
experimental study. Prim Care Diabetes. 2020 [cited 2023 Jan 22];14(2):97-103. Available
from: https://www.primary-care-diabetes.com/article/S1751-9918(19)30306-7/fulltext.
d0i:10.1016/j.pcd.2019.08.006.

National Cancer Registy of South Africa. National Cancer Registry Methods. 2001 [cited
2023 May 10]; Available from: https://cansa.org.za/files/2012/05/NCRMethods-2000-
2001.pdf.

86



APPENDICES

APPENDIX 1: PLAGIARISM DECLARATION

3

/

UNIVERSITY OF THE - N

WHW/\”'_RSR/\ND.\'/ / HEALTH SC NCES
JOHANNESBURG -
PLAGIARISM DECLARATION TO BE SIGNED BY ALL HIGHER DEGREE STUDENTS
SENATE PLAGIARISM POLICY: APPENDIX ONE
| L(o.g\m Jehaston (Student number: i s -\ ) am a student
registered for the degreeof _ M S, Fiold\ o oo )b in the academic year 3. 1%

I hereby declare the following:

| am aware that plagiarism (the use of someone else’s work without their permission and/or
without acknowledging the original source) is wrong.

| confirm that the work submitted for assessment for the above degree is my own unaided work
except where | have explicitly indicated otherwise,

| have followed the required conventions in referencing the thoughts and ideas of others
- lunderstand that the University of the Witwatersrand may take disciplinary action against me If
there is a belief that this is not my own unaided work or that | have failed to acknowledge the
source of the ideas or words in my writing.

| have included as an appendix a report from “Turnitin® (or other approved plagiarism detection)
software indicating the level of plagiarism in my research document.

Signature:

Date We 10672023

87



APPENDIX 2: TURNITIN COVER PAGE

Ljohnston_2486091_HDR_submission for A{&V @AY
examination_25_07_2023-1.docx

ORGIMALITY REPORT

13 11 8« "

SIMILARITY INDEX INTERNET SOURCES FUBLICATIONS STUDENT PAPERS

PRIMGAY SOLUIRCES

hdl.handle.net 1 "

Imternet Source

Enrico G. Ferro, Shafika Abrahams-Gessel, 1 "
David Kapaon, Brian Houle et al. "Significant
Improvement in Blood Pressure Levels

Among Older Adults With Hypertension in

Rural South Africa", Hypertension, 2023

Publication
DpEﬂ.uCt.EILEEI 1
= Imternet Source %
Ml phcfm.org
Internet Source 1 %
etd.uwc.ac.za
Imternet Source -:: 1 %
www.mdpi.com
Imternet Source { 1 %
core.ac.uk
ﬂ Imternet Source ‘: 1 %

88



APPENDIX 3: ETHICS CLEARANCE CERTIFICATE

UNIVERSITY OF THI
WITWATERSRAND

JOHANNESIURG
R49 Ms LC Johnston
HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)
CE TIFICA . M220
NAME: Ms LC Johnsten
(Principal Investigator)
DEPARTMENT: Schoal of Public Health
Division of Epidemiology and Biostatistics
Medical Scheol
University
PROJECT TITLE: Delerminants of sub-aplimal glycasmic conlrol smongs!
patients envalled in 8 medicine dispensing programme in
KwaZul Natal: 8 fongitudinal study, 2014-2021
DATE CONSIDERED: 2022/02/25
DECISION: Approved uncondiionally
CONDITIONS:
NOTE: If contact informabion regarding student study participants = requred,
pleasa contact the Registrar's office - <Nicolean Potgieter@wils.ac 23>
SUPERVISOR: Drs A de Voux, nza and S Singh
APPROVED BY: /n/ 1{ s

Dr CB Penfy, “HREC (Medical)

DATE OF APPROVAL: 202

mmmnmnmsmmmmaw.nmmuuﬂwm

DECLARATION OF INVESTIGATORS

Tobomluledindwmmou!cowmiomRQnemhom«umwmmMm.mlb‘robhs
Buliding, Parkiown, Univarsity of the Witwatersrand, Jonannesburg

MMyWNWMM!mmenmmhanmmwm
ummmnmmmmmMwmmum.mmnmmommpmu
speroved, liwe underake to submit detals to the Commitiee L agree to submit a yearly progress report. When & funder
mummdmmncmplmmwlmmmmlhodﬂcmmmwmnﬁslym In thes
case, the study was infially revewed in Febeuary and therefore reports and re-certification wil ba due in the manth of
February each year. Unreporied changes Lo ihe study may invalidale ™e clearance given by the HREC (Medics)

Signature of Principal Investigator Date

89



APPENDIX 4: WITS APPROVAL LETTER FOR CHANGE OF
RESEARCH TITLE

2 L Private Bag 3 Wits, 2050

WITWATERSRAND, Tel: 02711 7172076
JOHANNESBURG

Reference: Mrs Sandra Benn

E-mail: sandra.benn@uwits.ac.za

08 February 2023
Miss LC Johnston Person No: 2486091
PO Box 506 TAA
Gallo Manor
2052
South Africa
Dear Miss Leigh Johnston

Master of Science in Epidemiology: Change of title of research

| am pleased to inform you that the following change in the title of your Research Report for the degree
of Master of Science in Epidemiology has been approved:

From: Determinants of sub-optimal glycaemic control among patients enrolled in a
medicine dispensing programme in Kwazulu-Natal: A longitudinal study, 2014-
2021

To: Determinants of sub-optimal glycaemic control among patients enrolled in a
medicine dispensing programme in Kwazulu-Natal: A longitudinal study, 2018-
2021

Yours sincerely

e ecnn

Mrs Sandra Benn
Faculty Registrar
Faculty of Health Sciences

90



APPENDIX 5: WITS HREC APPROVAL OF CHANGE OF RESEARCH
TITLE

UNIVERSITY OF THE
WITWATERSRAND.
JOHANNESBURG
R49 Ms LC Jchnston
HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)

CLEARANCE CERTIFICATE NO. M220232

NAME: Ms LC Johnston
(Principal Investigator)

DEPARTMENT: School of Public Health
Division of Epidemiology and Biostatistics
Medical School
University
PROJECT TITLE: Determinants of sub-optimal glycaemic control amongst

patients enrolled in a medicine dispensing programme in
KwaZulu Natal: a longitudinal study, 2018-2021

Amended project title noted on 2023/02/20

DATE CONSIDERED: 2022/02/25

DECISION: Approved unconditionally

CONDITIONS:

NOTE: If contact information regarding student study participants is required,

please contact the Registrar’s office - <Nicoleen.Potgieter@wits.ac.za>

SUPERVISOR: Drs A de Vux, k-KOpnza and S Singh
APPROVED BY: A g cAry.

Dr CB Penny, Chairperstn, HREC (Medical)
DATE OF APPROVAL: 2022/04/20

This Clearance Certificate is valid for 5 years from the date of approval. An extension may be applied for,

DECLARATION OF INVESTIGATORS

To be completed in duplicate and ONE COPY returned to the Research Office secretariat on the 3rd floor, Phillip
Tobias Building, Parktown, University of the Witwatersrand, Johannesburg.

Iiwe fully understand the conditions under which | am/we are authorized to carry out the above-mentioned research
and liwe undertake to ensure compliance with these conditions, Should any departure be contemplated from the
research protocol as approved, l/we undertake {o submit details to the Committee. | agree to submit a yearly
progress report. When a funder requires annual re-certification, the application date will be one year after the date
when the study was initially reviewed. In this case, the study was Initially reviewed in February and therefore
reports and re-certification will be due in the month of February each year. Unreported changes to the study may
invalidate the clearance given by the HREC (Medical).

Signature of Principal Investigator Date

91



APPENDIX 6: CCMDD DATA PERMISSION

health 20
fpaen DP

REFPURILIC OF SOUTH AFRICA,

Frivale Bagy X328 PRETORALA, 0001 Ov AR Xuma Bulding11 12 Woornrekker Road, Pretona Townlands 351-JR,
FRETORLS, 0BT Tl (0112} 335 8OO0, Fax (2] 395 8918

24 March 2022

Members of the Wits HRECG

RE: Permission fo ulilise COMDD data for a a% defined by the Data Users Agresment: Mational
riment of Health - “Determinants of sulb mal glycaemic control amo tients enrodled in &

medicine fgi ogramme in Kwarulu-MNatal: & itudinal stisdy, 2014-2031" conducted

Leigh Johnston.

This letter cancerns the research S.'I.'I.Id',' al LE"EH Johnston, affiliated with the UI‘IiUEI'S.i'I.]' of Witwatersrand
and the Mational DEFI-E riment of Health [HDEIH: Hon-comrmunicable disease [Hﬂ:l, diresctorate as & resident
if the South African Field Epiderniology Programme [SAFETP). | arm farmally writing, a3 the head af the
Central Chronic Medicine Dispensing and Distribution [CCMDD) Prograrmme to indicate our swareness of
the MSe research project propased by Ms. Johnsten, titled:

“Determinants of sub-aptimal glycasmic control among patients enrolled in a medicine dispensing
programme in Kwazulu-Natal: & longitudinal study, 2014-2021",

| am aware that Ms. lahrston has obtained provisional ethical approval fram the Wits Human Research
Ethics Committee (Medical) for the above-mentioned study and as such, & the head af the CCMDD
programme and data gatekesper, | give Leigh lohnston permission 1o acoess data fram the COMDD 1o
conduct bar research from April 2022 to December 2023, pending full ethical appraval. She will be
Becessing secondary data fram the CCMDD programme and merging it with cinical data for glycaemic
control from the Mational Health Laboratory Service (MHLS). We have fully reviewsed her protocol and she
has gur parmission 1o sccess the COMDD data to answer her research guestions perlaining ta determining
thase optimally contralled for their diabetes within the COMDD prograrmme as well a5 determining factors
muiaciated with and time to wib-optinal glyesemic cantral.

The results Troam this study will be shared with the COCMDD,NDOH te further strengthen and develoap the
programime as well & supparting the need for a cantral data repesitory for diabetes data to strengthen
monitoring and evaluation efforts.

You ars welcome to contact me at Maggie Muncamy@health gov 2a ar telaphanically at 0E25509166

b -;"q,:\. B
LT ]
M= M Munsamy

CP3l INROVATOR OF THE YEAR

MHI Technical Specializsl: Coniracting
Head: CCMDD

Dol of HasEn oL b 8 Fros-r s pras @ Beop o mw-Waum-MEkmw-
mgoc 'l BRI v B i 58 R o e U TEs i T

92



APPENDIX 7: NHLS DATA PERMISSION

NATIONAL HEALTH et T it o o1
LABORATORY SERVICE Emst babatyi kokongfnhis ac.za

Web: www.nhils ac 28

12 April 2022

Applicant: Leigh Johnstan
Institution: MHLS / MICD
E-mmail Address: i
Cell: 082 370 2426

CC: Larparus Kuonza, Aesx de Vious

Project Title: Deleminanls of sub.oplimal glycasmic conbral ameng palients ensolled in a medicine
spensing programme in Kazull-Natal: A longiludinal study, 2014-2021
Reference Number: PRZ223604

Research Application Type(s):
1. Request for Data

RE: APPROVAL LETTER: REQUEST TO ACCESS NHLS RESOURCES FOR RESEARCH PURPOSES

This lefler serves to advise thal the applicaion requesling permission o cenducl the abave.menlicned
resaandh using the lisled NHLE resources has been reviewsd and "Approved™. Please note thal the approval
is granled en the condbion thal you comply with the NHLS Ressanch Maberial and Data Access Palicy and
requirermenls slaled below.

1. Al malerial and data requested shall be used as per the research profocol submitied to the NHLS and as
appraved by the rel Health R ch Ethics Committes (HREC) in South Africa.

2. Access o the NHLS marlerial and'or data shall be limilesd to e mirimum required for successful completion of
the approved study and shall be made available without padient names.

3. ConfidenSiality shall be maintained al the participant and irs$tutional level and there shall be no disdiosure of
personal informatian ar confidential information.

4.  The maberial andior dala oblained from the NHLS shall be anonymised and nal, for any reason, be used o
track or recruil patienis as no pre-approvaliconsant i obtained from palients.

5. Processes shall be disoussed with the relevant NHLS deparimenis (i.e. Corporabe Data Warehouse [CDW),
HHLE Laboratory Managemenl, Operations: Office, eic. ) and agresd upon.

8. Any amendments bo the study requirements, including $he use of the material andior data for purposes not
initially disclosed o the NHLE) shall be cleared by an approved HREC and submilied 1o the NHLE for approwal
wiad the AARME system - hilps-(sarms.nhis. sc.za.

7. The NHLS shall be acknowledged as a sowrce of material andior data in any oulpul, such as absiracts and
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Wits Health Research Ethics Committee
University of Witwatersrand

PERMISSION TO UNDERTAKE RESEARCH AT THE DEPARTMENT OF HEALTH: LEIGH JOHNSTON, MSC
FIELD EPIDEMIOLOGY

Dear Chairperson

On behalf of the National Department of Health (NDoH), Directorate: Chronic Diseases, Disability and Geriatrics
in the Cluster: Non-communicable Diseases (NCDs), you are hereby informed that Ms Johnston is placed in the
Directorate and we are aware, and supportive of the research project proposed by Ms Johnston, a MSc Field
Epidemiology student from the University of Witwatersrand and a South African Field Epidemiology Programme
(SAFETP) resident, titled:

“Determinants of sub-optimal glycaemic control among patients enrolled in a medicine dispensing
programme in Kwazulu-Natal: A longitudinal study, 2014-2021".

As the Director of the National Department of Health’s Non-Communicable Diseases Cluster, | hereby grant Ms
Johnston permission to conduct her research at the Department of Health as part of her residency. Her research
will be conducted and completed between April 2022 and December 2023. She will be accessing secondary
data from the Central Chronic Medicine Dispensing and Distribution (CCMDD) programme, situated in the
National Health Insurance (NHI) Branch at the National Department of Health, as well as from the National
Health Laboratory Service (NHLS). We have fully reviewed her protocol and she has our full support in
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within the CCMDD.
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Directorate is encouraged that Ms. Johnston’s work will contribute significantly to health system strengthening.
Ms Johnston will share the outcomes from her research with our directorate through her manuscript and by
presenting her findings at a formal NDoH NCD meeting.

You are most welcome to contact me at sandhya.singh@health.gov.za or telephonically on 0828825012.

Yours sincerely,

S A Sigh

Sandhya A Singh

Director: Chronic Diseases, Disabilities and Geriatrics
Cluster: Non-Communicable Diseases

National Department of Health

Date:  25/03/2022
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populstion and sampling strateqy, intervention (if appropriate], data collesction, and data snalysis. Oocasionally &
different structure may be required, for examgple, in quality improvement or participatory action research. The
methods should be followed by & section on ethical considerations. After this, the resulks are présented. The
article should end with a discussion section that Summarises the key findings, and then discusses these findings,
the strengths and limitations of the study, and any implications or recommandations. This should be fallowed by
& conclusion, scknowledgements and references sections.
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Tables, figures and graphs
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shyle guide
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the Aithorship, disclosure statements, copyright, and license
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other relevant form applicable to your submission
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or certificate from the Institutional Review Board (IRB), & waiver fram the IRB
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General elemeants
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within guotations, use double guotation marks. Quotations of more than 30
words are to be indented. Do mot use guotation marks for indented
quotations wnless it is direct speech (e.g. interviewes responses).
En dashes and hyphens: Use an en dash (i.e. extended hyphen that can be
found in the Insert box under Symbols in Microsoft Word) in ranges of
numbers and dates. Use hyphens only for words that are hyphenated.
Datas Format dates as '02 October 2006°, except at the beginning of
sentences where numerals and dates should either be spelt out or the
sentence should be rearranged.
Percemtage: The per cent symbaol (%) is used in conjunction with all
numbers (e.g. 12%). Mumbers that have besn written out will appear with
‘percent’ (e.g. five percent). 'Percentage’ is used in a general sense.
Mumbers Mumbers from one to nie must be written out. Mumbers from 10
omwards, must be used as numerals, except at the beginning of a sentence.
Spacing and punctuatlon: There should be one space {and not twol
between sentences; one space before unit terms (e.g. 5 kg, 5 om, 5 mmaol, 5
days, 5 *C, etc.), but no space before the percentage symbol (%)
Thousands and millions are marked with a space and nota comma (e.g.
1000, 1000 000). Ranges are expressed with an extended hyphen {ie
en dash}. not with a short hyphen (e.g. 1990-2000).
Unitg The wse of units should comform to the 51 convention and be
abbreviated accnrdingiﬁ Metric units and their intermational symbols are
used throwghout, as in the decimal point {(not the decimal comma), and the
24-hour clock.

language: Foreign language words should be italicised, unless
these words are part of normal usage. Consult the Oxford English
Dictionary if in doubt.
Acromyma If 2 phrase with an established acronym or abbreviation is used
and appears more than five times in your manuscript, please include the
acronym or abbreviation in brackets after first mention of the phrase, and
then use the acronym or abbreviation only. Please note that you should not
define acronyms or abbreviations in any of your headings. If either has
been used im your abstract, you need to define them again on their first
usage in the main text.

Sensitive and political terms

Race and ethnlclhy: Try to avoid terms such as 'blacks’ and “whites”; use
instead ‘black peopfe; ‘white peopfe)  etc.  ‘Caucasian’, ‘Mongoloid’,
‘Megroid’, etc. are generally to be avoided except in human population
studies. ‘Mixed race’ is preferable to half-caste’ or ‘coloured”.

DAsabilitles: Avoid using ‘the disabled’, ‘the handicapped’, and instead uss
‘people with disabilities not ‘the disabled® or ‘people with leaming
difficulties’, not "mentally handicapped’.

Disaase

o Awoid health-determined categorisation.
= Lise '‘peocple with diabetes’; not ‘diabetics’.
= Lise ‘people with cancer”; not ‘cancer sufferers’.
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* Use 'sexually transmitted infection (STI)' and not ‘sexually
transmitted disease (STD)'".
o Avoid phrasing that dehumanises a patient. Many authors
use case (instance of a disease) when they mean patient (iLe. the
AIDE person or individual who is ill with the (disease).
o Ensure that ‘AIDS' is used for the disease and "HIV' for the virus, e.g.
do not use ‘AIDS carrier’, ‘AIDS positive’, 'AIDS virus' or ‘catching
AIDS or HIV/AIDS' (avoid using the solidus here).
o AIDS sufferer/victim' is inappropriate; use ‘people with AIDS'.
o Refer to ‘pecple who practise high-risk activities' and not ‘' high-risk

s!
o ihe expression 'full-blown AIDS'is unnecessary if the correct
distinction has been made between HIV and AIDS.
Male versus
o 'Male’ and ‘female’ are adjectives, so be careful to use them as such
(Le. a malepatient and a femalefrog, but a 35-year-old man, a
French woman and a group of 25 men and 35 women).
Sexcuality: Avoid the terms “homosexual activities' (if achievable within the
manuscript’s context, specify which activity is being referred to, especially
when dealing with medical research.) Avoid using ‘homosexuals’ (specify
homosexual men or homosexual women).
Gender: Use gender neutral nouns. Avoid the use of ‘man’ if not specifically
referring to men; for example:
o for 'man' use "humans'
o for 'man-kind' use ‘the human race’
o for 'man-power’ use 'workforce’
o for 'man-made fibre' use ‘synthetic fibre'

, ‘him/her’ and " For 'he/she', 'him/her’ and ‘his/hers’
rather use ‘he or she', "her or him', *his or hers' (without a solidus) or change
to plural ‘they’. Use inclusive pronouns: use ‘he or she’, or rephrase the
sentence (rephrasing to the plural form often works):

X .. Any observer of changes in publishing technology will perceive that hehas
need of...

v  Observers of .. will perceive that they have..

Beware of referring to people with stereotypical pronouns (e.g. 'the doctor
treated Ais patient’; ‘the secretary tidied her desk’).

o The terms Third World poor countresand underdeveloped

countries should be avoided.

Developing or non-developed country/society is better, but it is best

to specify countries or regions instead.

o Western society and Western World should only be used in relation
to geography. otherwise, use developed world/society or, even
better, specify the countries themselves or the region.

o
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Tables, figures and photographs

Tables should in am Excel (xls) format. Ensure that all personal identifying
information is removed from the supplementary files as indicated in the provided
instructions. All captions should be provided together on a separate page. Tables
and figures should use numerical numbers.

your wvisual presentatlon: Once you have read through the
analyses and decided how best to present each table or figure, think about
hioner wou will arrange them within the manuscript. The analyses should tell a
story that leads the reader through the steps needed to logically answer
the guestion(s) that you as author are posing in the Introduction. The order
in which you present the results can be as important in convincing the
readers as what you actually are saying in the text.
How to refer to tables and figures in the text: Every figure and table
included in the paper mustbe referred to in the body of the text. Use
sentences that draw the reader's attention to the relationship or trend you
wish to highlight, referring to the approprate figure or table only in
parenthesis e.g.:

o Germination rates were significantly higher after 24 h in running
water than in controls (Figure 4.

o DA seguence homologies for the purple gene from the four
congeners [ Tabke 1) show high similarity, differing by at most 4 base
pairs. (Avoid sentences that give no information other than directing
the reader to the figure or table, e.g. Table 1 shows the summary
results for male and female heights at Bates College.)

Abbreviation of the word "Figure': When referring to a figure in the test, the
word ‘figure’ is never abbreviated as ‘Fig."; the same rule applies to the
usage of ‘table’. Both words are spelled out completely in descriptive
legends.

wa to number tables and figures: Figures and tables are numbered
independently, in the sequence in which you refer to them in the text,
starting with Figure 1 and Table 1. If, in revision, you change the
presentation sequence of the figures and tables, you must renumber them
to reflect the new sequence.

The acid test for tables and figures: Any table or figure you present must be
clear, well-labelled, and described by its legend to be understood by your
intended audience without reading the results section. That is, it must be
able to stand alone and be interpretable. Overly complicated figures or
tables may be difficult to understand in or out of context, so strive for
simplicity whenever possible.

Descriptive legends or captions: To pass the acid test abowve, a clear and
complete legend (sometimes called a caption) is essential. Like the title of
the manuscript itself, each legend should convey as much information as
possible about what the table or figure intends to tell the reader:

o the results that are being shown in the graphis), incleding the
summary statistics plotted

o the organism studied in the experiment (if applicable)

o a context for the results: the treatment applied or the relationship
displayed, etc.

o location {ondyif a field experiment)

o specific explanatory information needed to interpret the results
shown {in tables, this is frequently done as footnotes)

o culture parameters or conditions if applicable {temperature, media,
etic.)
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= sample sizes and statistical test summaries, as they apply
Do not simply restate the axis labels with a versus’ written in betwesn.

Example: Figure 1 Height freguency (%) of White Pines (Pinusstrobus) in the
Thorncrag Bird Sanctuary, Lewiston, Maine, before and after the lce Storm of
19938, Before, n = 137, after, n = 133, Four trees fell during the stormm and were
excluded from the post-storm survey.
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Mote: Questions freguently arise about how much methodology to include in the
legend, and how much results reporting should be done. For [aboratory reports,
specific results should be reported in the results text with a reference to the
applicable table or figure. Other than culture conditions, methods are similarly
canfined to the Methods section.

Footnotes to tables, figures and photographs

Do not introduce footnotes in the body of the manuscript. Footnotes should be
used as follows:

« Copyright and permissions to reproduce should be clearly stated.

« Motes about the table as a whole can be left unlinked {i.e. no linking letters
ar numbers or symbols) or linked to, for example, a relevant column
heading.

« Motes about specific parts of the table should be linked using superscript
lower case letters (preferred), superscript numbers or symbols.

s If lower case letters are used, it could be confused with the table data; use
symbols or numbers instead.

=« Do not make use of superscript numbers in parentheses (brackets).

« [If an abbreviation is mentioned for the first time in a table (e.g. ‘CE’ in Table
13, it must be defined in a footnote to that table, (e.g. HE, Heat event
{introduced at weekly intervals).

« Asterisk footnotes are reserved for probability values in tables and usually
signify the following walues: * p= 005 *°, p= 001 = p= 0.001. The
asterisk is often wused in mathematics and should therefore be avoided as a
footnote symbol

=« Foobnote links should be placed after punctuation. The preferred order of
footnote symbols in tables (which should be superscripted) st §, &, 4
{these are doubled if more footnotes are needed, e.g. 1)

« ‘When superscript numbers or letters are used in text, beware of potential
confusion with other superscripts {e.g. 2 for 'sguared’).

« [Foobnotes should be in the following order:
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o SOUFCE notes

ather general notes

= notes on specific parts of the table (following the order in the table
itself)

o notes on level of probability

o

Guidance on submitting creatives electronically

Please supply images as the size intended for final publication. Resizing of images
s time consuming and can result in loss of quality.

Supply your manuscript creatives in one of the following three preferred formats:

TIFF: This is an image made up of pixels and is the most universal and mast
widely supported format across ‘Windows and Mac platforms. Most
graphics packages can save a file as a TIFF. The higher the resolution {iLe.
the number of pixels) the sharper the final image.

o Colour or greyscale photographic images: 300dpi

o Line art or combination images: 600/ 900dpi

o We would recommend using this format for photographic images.
EPS: Aun EPS is essentially an envelope for holding text and images. Line art
can be produced as an EPS {in lllustrator, for example). There are virtuall
no limits to scaling line art saved as an EPS. It can also contain TIF
images. Howewver, please ensure that all fonts are embedded (that is, saved
as outlines) and that line weights are not defined as hairline.
PDF: This format is, again, like an EPS in that it is an envelope for holding
different kinds of images and line art. Great care should be taken to ensure
that fonts are embedded and that original images are at the correct size
and resolution before being saved as a PDF. It is possible to save or export
as TIFF or EPS from most graphics applications, just as it is possible to
save direct to a PDF from most graphics packages by using a postscript
printer driver. PDF creation packages (e.g. Acrcbat Distiller) are also now
widely available.

Other file formats

Colour

IPEG: A JPEG compressed TIFF s acceptable as long as the degree of
compression is moderate. It is better to use a JPEG for online images as a
good guality image is achievable even with a high degree of compression.
GIF: A format suitable for images that contain few colours. Again, this
should only be used for images intended for the web.

‘We cannot guarantee the quality of images supplied in ather formats.

Greyscale, CMYK, RGE

art should be saved in greyscale mode.
CyanMagentaYellowBlack are the base colours used during the printing
DrOCess.
Any colour that is to appear in print must be in CMYK mode.
RedGreenBlue are the colours wsed by monitors and default scanner
settings. Any colouwr that is to appear online must be in RGE mode.
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Guidelines for Math

« 5gt display equations in MathType. Each display equation should be in its
own MathType object. Each MathType object should contain the entire
equation, im:ludinlz? final punctuation. The equation number should be set
as Microsoft Word regular text, outside the MathType object, separated by
either a tab or a space.

«  5Sgt in-text {inline} math in Microsoft Word regular text. Exception: If in-text
{inlinre) math has elements that should be stacked or hawe rules,
circumflexes, arrows, or other accents spanning over more tham one
character, set in MathType as ‘Inline Equation.’

« [If any characters cannot be found in Word's Symbol palette (‘(normal
text),’ "Times Mew Roman,’ or “Symbol’), please set in MathType.

« Mo display eguations are allowed in figure captions, table titles, or table
footnotes. If a display eguation occours in a text footnote, it is best to recast
it as inline math. There are a few journals with lengthy footnotes with style
exceptions to this rule.

« Mo numbered eqguations are allowed in table foobnotes.

« Display and/or numbered squations ARE allowed in table body, but must
be ‘inling’ when converted to MathML equations.

Fonts: Unicode fonts

Please use standard {(UMIcode) fonts such as Palatino, Times Mew Roman,
Helvetica and Symbol. Fonts that have not been embedded will usually be
replaced by Courier, resulting in character loss or realignment.

Understanding Unicode

The explanation at Unicode.org is a good place to begin.

‘Unicode provides a unigue number for every character, no matter what the
platform, mno matter what the program, no matter what the lkanguage’
{Unicode.org, 2011)

Put more simply, o matter what font is used, your computer and other
computers will always know exactly what symbol is called for and display the text
correcthy.

Mote: AOSIS Publishing publishes in four different formats, namely, FDF, HTML,
ML and ePUE. If your manuscript is not unicode compliant, then it will not be
possible to produce all four formats. We will send the back to you to make the
fonts Unicode compliant to enable us to produce all four formats.

How to check whether your font-type is unicode compliant
1. Open your manuscript in your text editor.
2. Highlight all the text within yvour manuscript and change the font to Arial or
Times Mew Roman.
3. Scrutinise your entire manuscript.
- Document reads perfectly? i the words are readable and
identifiable, then the font that you are using is unicode compliant.
= Document has changed certain or all characters? Font used is not
unicode compliant and needs to be changed prior to submission to
this journal.
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Which fonts are Unicode compliant?
= To use Unicode, you will need to install {or find already installed) Unicode
fonts on your computer. This is neither difficult nor costly.
= For basic information and links to numercus Unicode fonts, see

Arial Unicode M5
Courier Mew
Dejavu Serif
Gentium
Garamond

Minion Pro

Myriad Pro
Tahoma

Times Mew Roman
Verdana

OoOO0OO0O00O000a0

Unicode in Windows

hutiiufml:m a Windows computer s falrty simple.
Download the font.
i. If it is a compressed file {such as .zip), expand it.
3. Open the fonts folder by clicking on Start, then Settings, then Control
Fanel, then Fonts.
4. Drag the font file(s) inte this folder. It should automatically install.

Using the insert symbol function

= Use the Insert Symbol function (found in the Insert menu). This function
allows you to choose characters from a grid displayed in its own window.
Double-clicking the desired character inserts it at the cursor in the
daocument.

= Use the symbol insert window to assign keystrokes to the characters you
use most often. For example, you ?l‘l‘t assign the keystroke alt+a to the
lower case a with macron, and :'I|t1'5|1| A to capital & with macron.

Keyboard for Windows
The preferred method for typing in Unicode. Essentially this means telling
Windows that you want a different kevboard layout to be available for use. At this
step things might vary from computer bo computer.
= Click on Start, then Settings, then Control Panel.
« Double click Regional and Language Options. The window that opens
should have three tabs: Regional Options, Languages, and Advanced.
+ Click on the Keyboards and Languages tab.
« Options include installing additional languages or changing the keyboard.
Read the guidelines provided by Windows carefully.
= Splect ‘Change keyboards' in the same window after installing additional
language.
= To make it your default keyboard you must choose it in the drop down list
under Default Input Language at the top of this window. Click Add.
« Proceed to select the ‘Language Bar tab at the top and ensure that the
box "Show additional Language bar icons in the taskbar' is ticked.
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= Mow there should be a little keyboard icon in the task bar at the botbom of
wyour screen (if there wasn't already). (It will be next to the blue square with
EM in it, which signifies that the current input language is English. If you use
no other languages, this icon might not be there} When you click on the
small keyboard icon, a list of keyboard choices pops up. If you made Alt-
Latin the default, it should be in bold type. (However, it may not appear
until the next time you restart your computer. Until then it might be a blank
line in the list.}

Typing with the alternative keyboard is simple. For most letters you will do things
as you abways have. When you need a special character or a character with a
diacritic or accent, you will use key combinations with the Al key to the right of
the space bar (the one on the left side does not work for this in Windows,
unfortunately}). For example, to type the letter “a' with a macron you hold down
the Alt key and press the letter a, release them both, then type the letter a. For
letters with a dot below them, hold down Alt, press the period key, release both,
and then type the letter which needs the dot.

Unicode in Macintosh

To enter Unicode text on a Macintosh, you have several options.
Firstly, you may use the Character Pallette, which is found in the Input Menu (the
flag menu in the upper right, near the clock).
= |If the Character Pallette option is not shown, emable it by doing the
following:
o Goto the Apple menu, select System Preferences.
In the Preferences window, choose International.
Select Input Menu.
Check Character Pallette. You cam alko check Keyboard Wiewer,
Unicode Hex Input, and US Extended at this time.
o Check aAlt-Latin. If it is not there, see below for information on
installing it.
o Make sure the “Show Input Menu in menu bar® option is checked.
= To use the Character Pallette to enter Unicode characters in a docurment,
just keep it open in the background. When you need a character, you can
enter it by double clicking on it in Character Pallette.
= A useful feature of Character Pallette is the ability to designate freqguently-
used characters as favourites, savig you the trouble of finding the
different letters each time you need them.
« For more information on  Character Pallette, see  Alan Wood's

site: hitoc/ Swww alanwood. et /unicode/utilities _fonts macosshtml

Secondly, you may wse the excellent and extremely simple Alt-Latin
keyboard or LatinTL keyboard, both of which were created specifically for this
purpurse by Kinao.
To install either keyboard (or both of them), you must first download
Altl atin.zip and/or LatinTL_X.dmyg.sit from Alt-Latin page).
=« |If your browser does not automatically expand the _zip or it file, tell it to
save the file to your desktop (so it will be easy to find), then manually
expand it. Usually this can be done simply by double-clicking the file, which
will start the appropriate decompression program. LatinTL expands to a
disk image, but for the purpose of installation you can treat it just like a
folder.
« [Follow the instructions in the ‘readme’ file to install the keyboard(s).

o oo
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Make it visible in the Input Menu by following the instructions given abowve
for the Character Pallette.

Because Alt-Latin and LatinTL work like any other keyboard, you will not
have to change keyboards unless you need to type in a different alphabet,
such as Arabic.

Entering letters with diacritics using either keyboard is very simple:

1. Make sure you are using a Unicode font. It may work with other
fonts, but you should use Unicode (0% X comes with Lucida Grande
and there are others available).

2 To enter a vowel with a macron, simply hold down either aption key
and hit the letter 'a’ simultaneocusly. Release them, then type the
letter that needs the macron (using the shift key if you need a
capital).

3. For letters with dots below, press option and period, release, then
type the letter.

4. Hamza is shift+option+P, and ‘ayn is option+p. (This may not work in
Microsoft Word with Alt-Latin - reason unknown. If it does not work,
use the LatinTL keyboard instead, or use the Character Pallette for
these two characters. These keystrokes do work in TextEdit and
ather software with Alt-Latin.}

The PDF file included with Alt-Latin shows maps of the keyboard, in case
wyou need something not mentioned here, or you may use our maps found
an

w, libuchi wu/e/collections/mideast/ I ia/unicod

bl
The layout of LatinTL is very similar, with only a few differences, and it also

includes maps. (See the Alt-Latin page for a description of the differences.}
Click here for diagrams of the Alt-Latin keyboard (usable for LatinTL as well,
with a few differences) and for downloads.

The diagrams are for the Windows wersion, but the layout is almost
identical to the Mac wersion. The main difference is that where the
‘Windows wversion uses only the Alt key to the right of the space bar, the
Mac version uses either of the bwo Option keys. This makes the Mac version
a little more comfortable to use, since you can use either hand. (There is no
Windows version of LatinTL.)

There are downloadable POF files of the diagrams available on the same
page, in case you would like to print them for easier reference while typing.
Kino's site {linked abowve) also has numerows other Macintosh keyboard and
font rescurces, such as some keyboards based on non-US layouts {notably
a UK variant of Alt-Latin}.

Thirdly, you may want to use Knut 5. Vikar's Jaghbub keyboard layouts (and,
perhaps, his Unicode fonts).

His Arabic Macintosh pages have long been one of the web's most useful sources
for Mac users who need to type Arabic or transliteration, and he has updated
both the pages and the downloadable resources he created.

The page on transliteration, “Writing Arabic with Latin letiers', explains the
issues and provides a downloadable file containing the JaghblUni font
package and the American Diacs. keyboard layout.

The Jaghbub font package page gives more information about the three
fonts included, as well as German, French, Italian, Danish, Swedish,
Fdnrwegian. Us and UK keyboard layouts for typing diacritics in Unicode
onts.

There are also separate keyboard layouts for typing IPA characters in
Unicode fonts for the same national standards (that is, the non-option keys
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follow the regular naticnal keyboard standard, but the IPA characters are
all placed on option keys under no particular standard ).

For any keyboard layout, you can always select Keyboard Viewer from the Input
Menu to see what different keystrokes will do.

These instructions were taken from: ) ) )
https/ Swwewelib.uchicago.edule/collections,/mideast/ encyclogedia/unicade. it
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APPENDIX 10: DATA MANAGEMENT FLOW DIAGRAM

Duplicate
observations
were dropped
N=1 025 790

Observations
with unknow ages
were dropped
N= 277

Observations
receiving other
chronic medications
were dropped
N= 145 427

test types
observations
were dropped
N= 14 822

Observations
outside of study
period were dropped
N= 9159

Unmatched
observations were
dropped
N= 37 131 (3 946 from
NHLS & 33 185
from CCMDD)

Sub-optimally
controlled
observations at first
HbAlc test were

(N=10 628) or
duplicate observation:
(N=48) were
dropped

dropped
N= 9955

Unmatched
observations were
dropped from NHLS using
dataset in merge
N=12 793

Single
observations
(N=1451),
duplicate observations
(N=22) or follow-up
observations occuring on
the same day (N=4),
were dropped
N=1477
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APPENDIX 11: TABLE OF THE DESCRIPTIVE CHARACTERISTICS FOR THE COHORT STUDY

PARTICIPANTS

Baseline median HbA1lc value by patient characteristic for the Central Chronic Medicines Dispensing and Distribution programme cohort
receiving oral hypoglycaemic medication for T2DM, with > 1 repeat HbAIc test available, eThekwini, KZN, South Africa: 19th April 2018-

30th Dec 2021 (N=2622).

Characteristic Total Median HbAlc (IQR) Sub-optimal (HbAlc >7%) Optimal (HbAlc <7%0) p-valuef
N=2622 (100%) N=1927 (73.5%) N=695 (26.5%0)
% (n/N) % (n/N) % (n/N)
Gender 0.032"
Male 32% (850/2 622) 8.0 (6.9-9.9) 31% (602/1 927) 36% (248/695)
Female 68% (1 772/2 622) 8.3 (7.0-10.1) 69% (1 325/1 927) 64% (447/695)
Age (years) <0.001™
<39 year 4% (113/2 622) 8.6 (7.2-11.3) 5% (89/1 927) 3% (24/695)
40-59 years 49% (1 286/2 622) 8.5 (7.1-10.5) 51% (988/1 927) 43% (298/695)
60-79 years 44% (1 152/2 622) 7.9 (6.9-9.6) 43% (819/1 927) 48% (333/695)
>80 years 3% (71/2 622) 6.9 (6.5-7.6) 2% (31/1 927) 6% (40/695)
Type of facility 0.42
PHC facility? 70% (1 840/2 622) 8.2 (7.0-9.9) 70% (1 344/1 927) 71% (496/695)
Hospital 30% (782/2 622) 8.2 (7.0-10.3) 30% (583/1 927) 29% (199/695)
T2DM-related complication 0.016"
Neuropathy or nephropathy 50% (1 320/2 622) 8.0 (6.9-9.9) 49% (943/1 927) 54% (377/695)
None recorded 50% (1 302/2 622) 8.3 (7.1-10.1) 51% (984/1 927) 46% (318/695)
Type of therapy <0.001™"
Monotherapy 52% (1 360/2 622) 7.6 (6.7-9.4) 45% (876/1 927) 70% (484/695)
Dual-therapy 48% (1 259/2 622) 8.7 (7.4-10.6) 54% (1 048/1 927) 30% (211/695)
Triple-therapy 0% (3/2 622) 9.5 (9.0-10.1) 0% (3/1 927) 0% (0/695)
Comorbidity 0.098
T2DM® alone 15% (390/2 622) 9.0 (7.2-10.5) 16% (304/1 927) 12% (86/695)
T2DM and HIV® 6% (161/2 622) 8.6 (7.1-10.6) 6% (122/1 927) 6% (39/695)
T2DM and HPT¢ 68% (1 791/2 622) 8.0 (7.0-9.8) 68% (1 301/1 927) 71% (490/695)
T2DM, HIV and HPT 10% (275/2 622) 8.2 (6.9-10.1) 10% (195/1 927) 12% (80/695)

T2DM and dyslipidaemia

0% (5/2 622)

10.1 (8.6-10.5)

0% (5/1 927)

0% (0/695)

aPrimary health care, PType two diabetes mellitus, “‘Human Immunodeficiency Virus, “Hypertension; fp-value for the chi-square test for sub-optimal vs optimal;
Significance level (p-value): “p<0.05, "p<0.01, "“p<0.001.
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